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EDITORIALS 


Farm Equipment as a Factor 


in National Defense 


HERE can be no successful defense of America, nor 

can we extend adequate help to other nations, unless 
first there be an adequate supply of raw materials for food 
and clothing. But the production of this food and fiber 
depends upon the effective use of farm operating equip- 
ment. 

Our farmers can produce plenty of food for ourselves 
and for other nations, despite the serious shortage of labor 
and increased demand for farm products, provided they 
can get enough equipment. American agriculture is a 
mechanized industry geared to low cost and high-speed 
production just as are industrial factories. Farmers can no 
more return to hand methods of production than can indus- 
try; any more than wars can be carried on by the methods 
of a generation ago. As machine tools are the bottleneck 
to greater defense production, so farm operating equipment 
is the bottleneck to adequate production of food and fiber. 
And should the cycle of farm production be broken for 
lack of repair parts for old machines, or should needed 
new equipment be unobtainable, serious crop losses will 
result, and many will go hungry. 

Farmers are short of needed equipment today (1) 
because of the usual tendency of farmers to underequip, 
to postpone purchase as long as possible; (2) because of 
low income during the depression years; (3) because 
restricted crop acreages the last few years have postponed 
the purchase of considerable equipment; (4) because for 
over twenty years the number of horses and mules has been 
decreasing on American farms, and (5) because equipment 
purchased ten to fifteen years ago must now be replaced. 

This year manufacturers and dealers have not been 
able to supply the demand for tractors, tractor-operated 
implements and machines, and other farm equipment. 
Moreover, farmers say they will need more equipment in 
1942 than in 1941, if they are to overcome the present 
shortage of equipment and the scarcity of labor, and, at 
the same time, increase farm production. 

To make the lack of farm operating equipment more 
serious, there is the increasing shortage of farm labor to 
operate it. Government reports indicate such shortages in 
every state in the Union. Hired help is increasingly difh- 
cult to obtain. 

Defense production can be increased by lengthening 
the working day. Three shifts may keep a plant busy 
twenty-four hours a day, five or six days a week. The farm 
working day cannot very well be increased, since most 
farmers already work seventy-five hours a week or more. 
Indeed, they are working two shifts a day according to 
industrial standards. They cannot work longer hours. A 
farmer cannot hire a man to carry on while he sleeps. What 
can be done is to give him more power and more modern 
machinery and other equipment, so that he and his family 
can accomplish more work. 

Within the last few years the farm equipment industry 
has made great strides in the creation of machines and 
equipment for greater 7 and lower cost of operation. 
The equipment built today is easier and more convenient 
to handle, and, if necessary, the farmer's wife or daughter 
can operate present-day machines, as, in fact, thousands 
of them have been doing this season. 

Another thing, men training for the armed services eat 
more than those engaged in most peacetime pursuits, and 
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domestic consumption of food always increases with in- 
creased industrial activity. Moreover, the country has 
obligated itself to send shiploads of concentrated food- 
stuffs abroad. In fact, in a wartime economy the present 
agricultural surpluses are no reason for complacency, «nd 
there are no large surpluses except in a few products 
which represent only sixteen per cent of farmers’ income. 

Without needed farm operating equipment there cannot 
be a sufficient supply of food, and without sufficient food 
there can be no real national defense. Fortunately, how- 
ever, there can be provided plenty of farm equipment with- 
out seriously encroaching on the materials needed for direct 
defense industries. According to the government publica- 
tion “Defense,” farm operating equipment takes less than 
one per cent of our copper, chromium, nickel, tin, alumi- 
num, lead, and zinc. Normally the farm equipment indus- 
try takes only about two per cent of our iron and steel 
production. How little, and yet how vital, are these per- 
centages which make possible an agriculture which can 
feed and clothe our civilian population, our armed forces, 
and aid other countries as well! 

Frep A. WiRT 


Group “Contacts” 


Cr. of the important opportunities which an organi- 
zation like A.S.A.E. provides, is that of making it 
possible for relatively small groups of members of common 
interests and activities to become better acquainted and to 
exchange ideas and experiences more advantageously. Such 
exchanges contribute much not only to the progress and 
effectiveness of the individual, but they also advance the 
sum total of the contributions of all the members of the 
group way beyond that possible through independent, indi- 
vidual effort. 

There are two ways in which the activity of small groups 
can best be fostered in A.S.A.E. In the first place, doubt- 
less committee work offers the best possibility for bringing 
together members who have similar interests and _prob- 
lems. Secondly, meetings of the Society provide an oppor- 
tunity for such members to become better acquainted with 
one another and to gain a broader viewpoint on questions 
of immediate interest to them. In fact, not infrequently 
committee work is initiated as a result of a nucleus of mem- 
bers discussing their common problems and deciding that a 
committee is needed to do the job they feel should be done. 

The development of group activities in the Society is 
encouraged, but it remains largely for interested members 
to take the initiative in bringing it about. 


Why Tear Up the Roots? 
To the Editor: 


OME of the agricultural engineers here at 0.000 
University are very much interested in the vegetable 
problem. I was talking to no longet 
ago than yesterday, and he would like very much to see 
more work on farm machinery problems in general and 
machinery for vegetable production in particular. Just the 
other day I saw a cultivator at work on the university 
farm, where people ought to know better, with a glorious 
mop of corn roots on every tooth. The man driving the 
cultivator said the blade tools could not be gotten into 
hard ground and kept there. I believe engineers, with the 
help of agricultural workers, can design tools that will 
cultivate without tearing up the roots of the poor innocent 
plants. 


Editor 
Market Growers Journal 


PAUL WorK 


more t 
net inc 
third « 
$1,250 

Ev 
a dire 
About 
of the 
buildit 
been c 
ing is 


equipr 


facture 
we ma 


B produ 


comm 
we fo 
areas | 
than t 


canno 
post-c 

se 
lineat 


probl 


s most 


three 
vey r 
Kent 
the s 
are u 
less 1 
half | 
bath 
5 pei 
tank 
on tl 
em 


ek i ee e a 
Cr ee ue 4 Aerts ae - ane 
cw aes oy Ai Bre Ni ae Pe eee ee Tee es a 7 
<2) a : , g 
ie 1) hind i 
ea 
at ee 
Geen neaee 
eas Digs: Ses 
Sh hs ad 
Bie nis 
at 
ae 308 ee 
Ry OR Wea 
at a tae 
ew ot 2 aah 
Fe ea, ee 
et ae 
eee 4 Pe 
ees bic 
Rages 32 ah P 
eater 
sara , 
ie cae re aman 
ia Se ah ee 
ee 
Boies ee 
io Se aoe 
ee 
+t 8 
be Nag eReS 
a Been es 
SNe Aa Zea 
Neto eps, 
as 
wee ay gies eyes 
a ee 
eae 
Ny yeied oa ee 
oA ae n 
pokes Ge 
poke 
5 A Poe 
i 
ST on ge tae 
Be NA a 
eas 
HARES tia alla 
er Sd aA 
pte ee 
BS #05 Apart 
wees fares er. 
Teeleget See 
ere) Eee 
! wate Bey Sa 
tL 8 
At ee em 
hs 
St ee 
ae igs ws oi: 
si Ve tig. Om 
" ae 
pine, he 
ties ene 
Set 
yp i $3 se 
SE ; 
EM 0 cea i 
EDS Aiea 
et Wa aan 
So 
Fr aay 
Sp 
EET) Se 
ee Aaa 
. nee oN ind 
eee ae . 
we Rea ; 
ee co SSS 
oer feel: 
ra 
yy oe a 
Se ee propo 
ee Tl 
Mears sell 5! 
26. ae i 
es Sein § 'ncom 
ix{ ae ili 
“ BA, 3 famili 
: sn! Sa H : 
7 = ge e ous! 
io eS ae 
cae 
pou 
ae ates 
te ae 
3 oY ina 
PE kt tae = 
+ i ned ae — 
Sete ae 
ae < pala 
ee he 
an: 
ee Col ene 
C3 sonore 
oe Kiushacbee. « 
+ EE tee 
“IN | 
£5 Ee oie 
oes 
Se eat eee 
Secrets 
Nia SSL 
ene eee, 
pet pag 
raga ea 
ae ee 
a cae Se 
ee: aay aa 
ae 
cil ee Pa 
shane e Sada a meet 
pe BROCE Pea 
Sone vote et enn. 
Rebpre Sele versit 
EE Ey heerir 
ls te eee , 
pitas. 
ve, fe toe 
cake pag : 
Pee es 
Leah aed 
ites et Bk 
SS " 
pte i % 
we gee 
tek a! o ap 
i; a 
WMT Zo» 
pio : : z 
wed Ps * 7“ 
Rahat pt. Raph nae aa P 2 a 
ig os ae _ 
Bearer oe ete cas 7" ie 


1941 


) in- 

has 
‘ood- 
esent 
and 
ducts 
ome. 
innot 
fe 0d 
how- 
with- 
lirect 
blica- 
than 
lumi- 
ndus- 
steel 
; per- 
1 can 
orces, 


rgani- 
ing it 
nmon 
nd to 
Such 
s and 
‘e the 
»f the 
-indi- 


OUpS 
loubt- 
nging 
prob- 
yppor- 
PPh 
stions 
uently 
mem- 
that a 
done. 
iety is 
»mbers 


ret able 
longer 
to see 
al and 
ist the 
versity 
lorious 
ng the 
n into 
ith the 
it will 
nocent 


K 


VoL. 22 


—_—— 


AGRICULTURAL ENGINEERING 


SEPTEMBER 1941 


No. 9 


nomic problem. Available data indicate that (1) one 
family out of eleven is on some form of relief, (2) 
more than one-third of the non-relief farm families have 
net incomes below $750 a year, and (3) only about one- 
third of the farm families have incomes ranging above 
$1,250 a year. 
Every measure of housing condition tends to establish 
a direct relation between income and housing quality. 
About 35 per cent of the farmers, occupying 20 per cent 
of the land area, account for 70 per cent of the total farm 
building valuation. The greatest attention to housing has 
been centered in this higher income group, and their hous- 
ing is relatively adequate, a good proportion have utilities 
§ equipment, and the families are ready customers for manu- 
factured goods. It is from the higher income farmers that 
we may expect the acceptance of new developments and new 
§ products, and the even exchange of their income for the 


Po HOUSING is to a very large extent an eco- 


commercial materials of housing. In our Arkansas studies 


§ we found that the county averages of building values in 
areas of high farm values and high ownership were more 
than twice as high as in areas of low land values and high 
proportion of tenancy. 


The critical problem of farm housing lies within the 


§ income classification that includes the two-thirds of the 


families that share only 30 per cent of the building value. 
Housing for the lowest one-third demands attention that 
cannot be deferred indefinitely, later to form a backlog of 
post-defense work. 

The housing surveys and other investigations that de- 
lineate housing conditions are sufficient proof that the 
problem has not been solved. Electricity is perhaps the 


f most widely accepted utility, yet more than two out of 


three farms do not have electric service. The housing sur- 
vey records for the East South Central region, comprising 
Kentucky, Tennessee, Alabama, and Mississippi, illustrate 
the situation. In this area nearly two-thirds of the houses 
are unpainted frame construction. There is an average of 
less than one house room per family member. Less than 
half the houses have closet storage space, 4.8 per cent have 
bathroom space, 4.1 per cent are piped for water supply, 
) per cent have sinks in the kitchen, 1 per cent has septic 
tank sewage disposal. The structural condition index is 36 
on the basis of 100. In several states, mostly in the south- 
em area, the total farm building valuation is less than 


otis 


Paper presented before the Farm Structures Division at the annual 
meeting of the American Society of Agricultural Engineers at Knoxville, 
Tenn., June 1941. Author: Professor of agricultural engineering, Uni- 
versity of Arkansas. (After September 1, professor of agricultural engi- 
neering, University of Illinois.) 


How to Obtain Adequate Farm Housing 


with Limited Income 
By Deane G. Carter 


FELLOW A.S.A.E. 


$1,000 average per farm, about half of this amount is in- 
vested in dwellings. 


On the basis of the facts of income and condition, 
therefore, it must be admitted that neither government nor 
industry has so far succeeded in providing housing for the 
low income groups, nor have they sponsored programs that 
make housing attainable for any significant number of farm 
families. Therefore, if progress is to be made, it must be 
through an approach other than the conventional, that is 
adapted to the farmer with limited income. 


In a discussion of the farm structures problem, D. H. 
Malcom (a member of the A.S.A.E.) contends that public 
resources should be spent for (1) education, (2) basic 
research, and (3) adequate financing. In my judgment, we 
should all be in agreement on these three fundamentals, 
although there may be some differences of opinion as to 
the form of education, the type of research, or the method 
of financing, especially in the present discussion that is 
limited to low-income situations. 


The principal fact that must be faced is that housing 
for the low income groups must be accomplished with cash 
expenditures far below the normal commercial cost of 
housing, and with material grades and qualities that are not 
acceptable through commercial channels. For the low in- 
come groups, cash outlays much beyond $1,000 cannot be 
justified, except by outright subsidies, or by changes in the 
economic condition of the family itself. In fact, a great 


deal of this type of housing must be accomplished with 
sums of less than $500. 


This concept of housing does not necessarily presume a 
lowering of standards, a reversion to outmoded methods, 
or the exclusion of commercial interests. On the contrary, 
we believe the problem of low cost housing constitutes a 
challenge to the research engineer, the industrial interests, 
and the educational forces. 


Perhaps the objectives of low cost housing have not 
been clearly understood, because of the admixture of senti- 
ment, propaganda, and even the missionary zeal that tends 
to characterize some discussions. 


In a very practical way, the engineer is concerned with 
the handling of men and the utilization of material re- 
sources, economically, for the benefit of mankind. If this 
primary objective is kept in mind, the housing of people 
under conditions of limited income offers unequalled op- 
portunity for investigations in labor utilization, conser- 
vation of materials, adaptation of plans, creation of new 
designs, simplification of methods, attainment of economies, 
and the creation of a better physical and social environment. 


In a national economy, it is fully as important to re- 
house some two million farm families as it is to develop 
housing in the blighted areas of cities, or to carry on any 
other great program of public works. It is just as signifi- 
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cant to devise useful employment for idle workers in rural 
areas as to undertake to make jobs for the jobless in any 
situation. The adaptation of materials of little or no market 
value to a useful purpose is a high economic objective. 

Most of the research conducted so far has been that 
type of survey or analysis that establishes the condition and 
the need; little has been done toward a solution. We do 
not yet know the ultimate capacity of unskilled labor to 
produce housing; we can only estimate the potential value 
of technical aid and directed education; no studies have 
been made to test the value of small, power machine units 
in fitting low grade materials; research is needed that will 
analyze the possibilities of cooperative action in producing 
housing units or parts; very limited information can be 
found in the technical phases of processing, preservation, 
treatment, handling an best utilization of the native, or 
non-commercial materials. 

The proposed program of housing with limited income 
involves the utilization of labor and the use of native 
materials for cash cost reduction. Economists are deeply 
‘concerned about an agricultural economy that does not fully 
occupy the time of farm workers. The limited investiga- 
tions conducted, and the experience of the WPA, CCC, and 
NYA, give ample evidence that common labor can do the 
work of house construction, given only the essential super- 
vision and technical aid. 

From our own limited studies, we find that the propor- 
tion of unskilled labor (which may be unpaid farm family 
labor) may range from nothing up to about 90 per cent. 

There are almost inexhaustible supplies of material that 
can be made suitable for construction, that are not adapted 
to commercial use. Stone, sand, gravel, logs, poles, low 
grade lumber, and various forms of stabilized earth can be 
used to make satisfactory structures, and their use does not 
interfere with defense needs. 


HE problem of sawing wood for farm use may be 

simplified by using a device developed by the agricul- 
tural engineering department at the University of Tennes- 
see. It is easily made at very low cost. 

Get an automobile steering gear, 1928 or older, with 
the steering crank attached. Saw off the steering wheel 
shaft about 2 or 3 in from the gear case. With two pieces 
of L-shaped flat iron, bolt the gear to a stand or saw horse. 
Use a 2!/-in pulley on the 14-hp electric motor, and an 
8-in wpe on the steering wheel shaft. The large pulley 
may be made of 34-in plywood and fastened to the shaft 
with 14-in pipe floor flanges and a setscrew. Bolt a 
l4x1l/,-in bar to the steering crank so as to make the saw 
stroke 24 in for a 3-ft 6-in one-man saw. The bar that 
drives the saw is bolted loosely to the crank, with spacer 
washers between it and the nut which holds the bolt rigid 
in the crank. 

There must be a thrust bar between the stand and the 
log. It is hinged at the stand, and at the log a flat L-shaped 
bar is welded vertically crosswise of the thrust bar. A 
No. 14 wood screw welded to a crank is turned through a 
hole in the L bar and into the log. At the top of the L bar 


Article prepared especially for AGRICULTURAL ENGINEERING. Author: 
Professor and head of agricultural engineering department, University of 
Tennessee. 


A Simple Power Wood Saw 


By M. A. Sharp 


MEMBER A.S.A.E. 
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From one study of 200 cases, we found that the farm 
was able to contribute an average of about 75 per cent of 
the labor, and sufficient materials to make the non-cash 
contribution equal to slightly more than one-half the toial 
house value. The average income of the families included 
in the study was about $700 (the median was about $500). 
The typical cash expenditure was approximately equal to 
one year’s income, and the resulting house value was 
$1,500 (median, $1,300). 

There are a few highly significant facts and principles 
that should be emphasized in connection with this whole 
program: 


1 There are approximately 2 million farm families in 
the lower one-third by income classification. 


2 The housing condition within this group is sub- 
standard, on the average, and the need for improvement is 
critical. 


3 If a program of “self-help” in labor, materials, and 
technical aid can be developed, housing can be attained by 
a large number of families. 

4 In every case there will be some cash expenditure 
for materials, probably averaging $500 or more per unit. 

5 This cash expenditure will be utilized for the ma- 
terials that afford a higher standard of quality, rather than 
for the rough or bulk materials. 


6 The final result will be a greatly expanded market 
for industrial materials, and a far greater total volume of 
business will be done. 


Among the many factors affecting progress in housing, 
research activity and extension education are of utmost im- 
portance in the release of farm labor and farm materials 
for construction. Industrial and public service workers alike 
will benefit from an enlarged program of research, and 
legislation that will afford technical, educational aid. 


is a knife switch with a chain attached so that when the 
sawed block drops off the switch is opened, thus stopping 
the motor. 

A speed of about 60 rpm for the saw crank is satis- 
factory. A guide may be made to hold the saw in place 
for starting, or it may be held in place by hand the first 
few strokes. Where electricity is not available, the saw 
may be operated with a small gasoline engine, such as 
those used to run washing machines. 


A simple power wood saw developed by the agricultural engineering <e- 


partment of the University of Tennessee 
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Balancing Farm Structures with 
Farm Capabilities 


By John A. Slipher 


O SOME people, buildings are merely physical struc- 
tures. So deep is this reaction that it is almost tradi- 

_& tional. To others, however, they bristle with mean- 
ins—not of the wealth put into their erection but because 
of what they do for and to things housed in them. 


At the outset, let me define the scope of this presenta- 
tion in order to keep our thinking and the implications 
arising out of ay ery within the province intended. First, 
we are going to deal only with buildings in their primary 
relation to the production enterprises on the farm, leaving 
aside any consideration of residence quarters and services 
pertinent to living. Second, we are exclusively concerned 
with duties of a structure to the enterprises of which it is an 
organic, functional part. Matters of structural design per 
se ate outside the purposes of this presentation except fea- 
tures directly affecting duty to an enterprise. Third, neither 


will we enter into considerations of structural materials or 
building costs. 


Resource or Adjunct? In farming, commodities are pro- 
duced by combining substances, energy, force, and proces- 
ses. Also, on the farm, commodities are refined, processed, 
fabricated, preserved, or stabilized by harnessing resources. 
In these production enterprises and operations, anything 
that puts forth functional force is a resource. That is self- 
evident. For the cow, the barn stabilizes environment to 
harmonize with her physiological needs; for grain, the bin 
stabilizes the moisture content of air contacting the seed. 
Both are functional devices—not mere adjuncts to farming. 
They are resources. Together with soil, labor, feed, animals, 


and liquid capital, they compose the farm’s complement of 
resources. 


Enough—But Not Too Much Structure. Since full efh- 
ciency of the total farm, we are told by the economist, con- 
sists of utilizing each resource to the point of greatest eco- 
nomic return, the amount and quality of any one resource 
directly affects the total volume of the farm’s output. An 
undersize barn cuts short the full use of other, more abun- 
dant resources. An oversize one eats into profit because of 
the burdensome overhead in the excess space. In either 
instance, the offsize fraction of the barn stands as a lia- 
bility against the farm. Some place between these two mis- 
fits there surely exists a true fit. Since the pattern of 
resources obtaining on one farm differs from the pattern 
on another, a structure tailored correctly to one fails to fit 
the other. Apparently and truly, there can be no univer- 
sality; no ready-made stock models to draw upon. 

Matching Resource to Resource. However, it does seem 
that we can tie to a hypothesis, namely for any farm, there 
exists a certain potential level for each resource that will 
yield a full performance for the farm as a whole. For struc- 
tures, that level is relative—relative to the potential capa- 
bilities of the other resources. That being true, can we treat 
a structure as a thing standing alone—apart from its co- 
forces in production? At once our imagination suggests 


—_ 
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the desirability of having at hand a technical scheme that 
recognizes the linkage between resources. If the procedure 
would resolve the relation between capabilities to quantita- 
tive terms, then progress has been made. By no other device 
are we likely to accomplish the all-important fitting process 
with safety and confidence. Synthesizing the mechanism it- 
self that would accommodate the interplay between re- 
sources seems as much a function of engineering as is the 
traditional field of structural design. 


Sequence of Stages in an Approach. To approach the 
defined problem logically, it would seem necessary to start 
with the most tangible resource and move progressively to 
the less tangible. Accordingly, we would first appraise the 
land itself—this resource being the most fixed of all. Since 
all soils are not alike in their properties, wide differences 
exist in their inherent productive capacity for cropping pur- 
poses. Moreover, all are susceptible to change by manage- 
ment; some more than others. The capability of a given 
soil type under a selected system of management is now 
pretty well established by the soil technologist and has been 
represented mathematically by a numerical index. 

For purposes of our speculative thinking here, we may 
contemplate the implication that rests in two levels of 
capability. They are (1) the upper, attainable level of pro- 
ductivity which permits of the largest economic utilization 
of the farm’s resources other than buildings, and (2) a 
lower or normal level which represents the prevailing level 
of the community with respect to that soil type. In prac- 
tice, the operator may choose to work his land at some 
level between the above limits. In theory and objectively, 
what are we as technologists interested in? Certainly not 
in what the farm happens to be doing now, but rather in 
what it is potentially capable of. Otherwise, we find our- 
selves fitting structures to intermediate or even transient 
situations. 

A Springboard from Which to Start. The attainable 
capability of the fixed soil resource, if known, would seem 
to offer a common reference point. Its use, too, would pro- 
vide objectivity to the farm program as a whole as well as 
to structures in the farm picture. Already there have been 
established what are termed “normal” and “attainable” 
productivity indexes for each major soil type in some states. 
Unfortunately their development for the most part is yet 
in an early stage. 

Taking the index as a springboard we may calculate 
(1) the volume and weight of each harvested crop to be 
stored if the cropping program were conducted at the “‘nor- 
mal” or at the “attainable” level, and (2) the number and 
kind of livestock that these crops as feed will support and 
that the structures are to accommodate. Recently J. C. 
Wooley?* of Missouri demonstrated such a procedure, a most 
constructive beginning. His procedure approached the 
structure through the avenue of duty. 


Full Functioning. Thus far we have spoken of size of 
structure as though space denotes its only function. Our 


*Superscript figures indicate literature cited at the end of this paper. 


ae nS ae Be Bi ae so i 
7 a TS ae Pr GRE Me eee 
PAS site! Be Pee Came IE SG aaeae <a Ee Peete: ; 
ae rf aes "a8 sR Bec onoe et ae So ee , 
= ih 7 Nig) +4 “ees Dos eal : 4 yt Tea a pes e ; : 
: : BC Sere Be eet ge ies See jleks eee ee Re me wi 4 
: Bs) ee CC %, | 
iy, aie - hao 7 ts STA Shy 
ABB PE ay ye : 
3 — . : 
m 
of 
sh 
al 
7 PO . 
as | | 
: : ‘ 
eS yi 
le | 
in | 
ib- 
1S | 
nd | 
by 
ire 
na- 
an 
ket | 
‘ 
of 3 
1g, | 
m- 
als | | 
ike | | 
ind 
7 
‘P> 
les 
> | 
> 
E 
tel 
—- . 
~ 
7. | 
zy de- | 
ae IE aes SN GR Si ty - 
RR WARE ee me a PE Soe ae eae bier aera 
a eee RM ae 2 ale oy a 7 See fr ak Wiegueaien yi S. = 
— = ae SES one ee a Se We ee Nb ee a is 
~ ia ? See oe « ae a ssaeey ay Ses) ate ee <a. Ps oh haGh! tea 
ee beaten Se a Riese See Rt be Bem. ais Fereaelleg, eae aa 
ee cae | Porter aoc: ae Bs ae 
a) Soe y= ee Wise ete es 8 eal rat eae Te apes ee on 
a SE es 2 NBS Bee te ip a =< Peta ga cea. a ae. ee a a 
( Sts See BA Teint ak sae a ey 2 sr ese ee ee: ; 
un BS ted Peg eat ae eens ae ae gies = ee Re cae 
aU Crem cred rn St oa aa ae eh. FERRE SS Se. SS tt tye ‘ 
= hk Se Agar SE eR ee ang eee. cs 
: c= ae err cae EE Ot Fy en ee oe 


312 


problem isn’t so simple. Actually a structure must fulfill 
other functions, among which may be cited a few typical 
ones by way of illustration, namely, stabilization of tem- 
perature or of humidity, regulation of dust, and facility of 
applying labor with full efficiency. What optimum perform- 
ance is required and expected of a structure with respect 
to each? Our working understanding, I believe, about these 
quality functions is none too solid and at best fuzzily rela- 
tive. The shortcoming by which a structure misses the opti- 
mum expected of it is most certainly a liability. 

Measuring Cause and Consequence. Again, engineering 
has a large field of endeavor before it—this time a dual 
task (1) of establishing the optimum for each function, 
and (2) of finding the quantitative impact upon the prod- 
uct resulting from each unit of deficit below the optimum 
functional level. Certain functions are biologic in nature 
and exploring them brings the investigator squarely into 
the field of animal physiology. But problems are no respec- 
tors of “sacred” hue matter lines. In this instance, the 
problem is a linkage between biologic performance on the 
one hand and environmental function on the engineering 
side. How can engineers proceed in supplying the correct 
functional capacity of buildings without first knowing pre- 
cisely what biologic duty is to be fulfilled by features of the 
structure? 

Setting Bench Marks. Who knows the optimum point 
at which maximum performance obtains? Establishing the 
optimum point would provide a fixed bench mark. In the 
livestock enterprise, its utility would be to animal housing 
what sea hod is to topographic surveying—a universal 
reference point. This bench mark would represent top-flight 
performance, or, in other words, a “par” value for that 
function. To know and to say that a certain housing condi- 
tion depresses milk yield or cuts the normal longevity of 
the animal’s life is not enough. That knowledge alone af- 
fords little utility to practice. We must go further. We must 
know how much, and equally pertinent, what the magni- 
tude of the factor’s influence on normal producing perform- 
ance is as expressed on a numerical scale, the top of which 
represents ‘par’. Being attainable, this thing called “par” 
should provide focal direction and orientation together with 
a working procedure for farmers and technologists alike. 

Par’, More Specifically. What of departures from the 
optimum — from the bench mark — from “‘par’’? For a spe- 
cific illustration, let us refer to the 
dairy enterprise. What is the penalty 
in milk yield attendant upon ab- 
normal barn temperatures—either 
below or above the optimum zone? 
On the influence of subnormal barn 
temperatures in winter, M. A. R. 
Kelley’s' findings disclose signifi- 
cantly substantial physiological re- 
action of dairy cows to sharp or sus- 
tained departures. He also reports 
on observations of measurable les- 
sening of milk yield caused by high 
summer temperature and of partial 
restoration of normal performance 
achieved by cooling the stable. 
These brief references suggest a 
logical sequel to the concept of 
“par’, namely, a corollary of estab- 
lished values for various levels of 
departure from the optimum. Those 
values research would need to estab- 
lish and do it in mathematical terms 
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of par. To fully and organically relate the force of depar. 


tures to the performance of an enterprise, a parallel! study ff 


to establish geographic zones based on frequency and mag. 
nitude of climatic departures would seem to be an essential 
part of the scheme. 


Utility. Of what utility would a synthesis and a system 
of par values prove? They should promise, first, 1 ready 
means of rating on a scale the functional capabilities of 
given buildings on a given farm; second, a convenicnt way 
of finding how closely existing buildings on a farm balance 
and articulate with its other known resources; third, , 
oneness of approach to the building problem by farmer, in. 
vestigator, instructor, and extension worker alike, and 
fourth, lending objectivity to the endeavor of org.nically 
relating buildings to farm enterprises and to the total farm 
unit. 


An Endeavor in Synthesis. To most of us research or 
investigation symbolizes the study of a single segment of a 
whole, a strictly atomizing process. The investigator ap. 
pears in much the same joyous role of the small boy dis 
membering a clock. But we in our discussion here are in: 
counter position; we wish to organize the parts into : 
whole, that ticks. To do that we reach for interrelatedness, 
not isolation. We are more interested in the relation of a 
single heart to a pair of lungs and to a set of muscles than 
in the similarity that might be found among a hundred 
hearts. It is the chain of functions that makes the organ- 
ism operate. 

Solving the riddle of relation of buildings to the farm 


resources becomes an endeavor in synthesis. To achieve it] 


we will need to do more than merely discover segments, we 
must build them and the structure sto the farm as a func 
tioning whole. The exploration may carry us across sub: 
ject matter fences and inevitably require cross-fertilization 
between so-called pure-line, subject-matter fields. Dare thy 
technologist pursue where synthesis leads? Perhaps. th¢ 
answer is inconsequential, if an old Roman saying hold 
good, it being “The Fates lead the willing; they drag the 
unwilling.” 


LITERATURE CITED 
1Kelley, M. A. R., Basic Problems in the Air Conditioning 0! 
Stables, AGRICULTURAL ENGINEERING, November 1939. 


2Wooley, J. C., Determining Value of Buildings to a Farm, Acti 
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Farm Buildings —’Tombstones or Tools 


HE purpose of this paper is to express to you engi- 

neers a few thoughts that have come to me as a farm 

manager, as a result of planning and using many 

farm buildings. I trust you will keep in mind the fact I am 

dealing only with commercial structures — not farm homes. 

I am simply passing on to you what experience and study 
have taught. 

First, I have found that it simplifies my thinking if I 
make shell plans and interior plans separately. It is very 
e.sy to throw out a whole plan simply because it shows 
that the cows face in when someone else thinks they should 
face out, or there is a wooden floor instead of concrete. I 
like to consider the cross sections of a barn from the stand- 
point of volume of material, amount of labor required for 
erection, character of material required, rigidity of con- 
struction, adaptability, limitations, and a number of other 
similar factors. While thinking about these things, I do not 
want to confuse the problem with floor plans. I know 
before starting that I can put the boxstall, calf pens, and 
feed bins anywhere I want them, or expand or contract 
length and generally width and height, so why worry about 
floor plans until the structure itself is decided upon. 


As building planners, this method should appeal to 
you. You probably already know that there are only a 
limited number of types of shell construction. 


For any given set of conditions, you can easily throw 
out all but one or two types. For example, on the basis of 
cost alone, some types are immediately eliminated. A unit 
cross section of three different types of barns can easily 
vary in cost, based on type not grade of material, two and 
three times. That is, if type A costs $10.00, B will cost 
$20.00, and C, $30.00. Some types have narrow width, 
span, and height limitations while others are wide. Some 
types are easily eliminated because of unavailability of 
material, lack of skilled builders, and community adapta- 
tion, although as time goes on I place less and less emphasis 
on this latter factor. 


I have been told all my life that such and such a barn 
might be alright for Missouri but not for Mississippi. The 
next one says, “Well, it just won’t work in the North’. 
The only way I knew of answering that question was to 
build the barn in both Mississippi and northern Iowa. That 
exploded the “it won’t work in my territory” argument. 
One more point in favor of separate shell planning is that 
it tends to lend emphasis to this very important subject. 
From our viewpoint we find that it has yielded big divi- 
dends. We have quit worrying about where to put the box- 
stall and have tried to find out how to build a better, cheaper 
cross section, with minimum limitations. 


I will not spend much time discussing floor plans. In 
practice they quite generally reflect individual preferences. 
If the cross section permits a wide range of latitude, floor 
planning is easy. There are so many ways in which given 
ends may be achieved that it really becomes difficult to say 
that there is a one best plan. Recently I sent out about 
twenty outlines of a barn. They showed a cross section of 
the shell and overall floor dimensions with only the neces- 
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sary fixed supports and foundations. We simply asked that 
each man plan the barn the way he would do it for him- 
self. Result: fourteen replies, all different, and a variation 
from the general barn with space for work teams, milk 
cows, sheep, tractor, crib, feed bin, shop, and loose and 
baled hay to one which simply had the hay to the ground 
in the center and space for cattle on each side. 

True, experience in building many barns, hog houses, 
and other buildings show some superior ways for handling 
all kinds of feed and stock. Labor-saving ideas and factors 
affecting sanitation and health soon become apparent. When 
the planner can control the plan and not have to listen 
to personal ideas of someone else, then all the good features 
known about the use of the building can be worked into it. 

Second, I want short, rather than long, life buildings. 
I would like them to last the approximate number of years 
that the revenue agency of the government allows for 
depreciation. On frame barns this is usually twenty years. 
I am inclined to believe this is a good period to have in 
mind when making the plan. I doubt very much if I can 
see much farther ahead than that. I would be tremendously 
disappointed if the men in our organization could not in 
20 to 25 years make so many improvements over my plans 
of today that no owner could afford to keep the barn I 
built for him. As I visit industrial plants I find their junk 
heaps, both machines and buildings, are not made up of 
worn-out materials — they are outdated. How many sons 
would thank their fathers for buying a tractor for them as 
they enter high school to be used when they get out of 
college? I can tell you definitely how long I want my 
tractor to last, and I feel that for similar reasons we should 
begin thinking of optimum useful life of buildings. 

I am not interested in fitting my ideas of two-row 
equipment and 6-ft combines into buildings to last for the 
next fifty years. I suspect my successors will have enough 
cusses for my 20-year barn so that I can ill afford to 
subject my reputation as a planner to 40 or 50 years of use. 

A group of us were discussing with Mr. Boyer of the 
Ford Motor Company the use of soybeans for automobile 
parts. We asked if a certain gadget was better than the 
metal part it replaced. He said, ‘No, but it’s good enough. 
What we try to do in car building is to make all parts 
balance. If the practical life of the car is ten years, we have 
no desire to make a gear shift knob last forty-five, or even 
eleven. The ideal is to have all parts last just ten.” 

Let us determine the practical, economic life of our 
proposed building, and then put labor and balanced mater- 
ials into it so that we will have minimum obsolescence 
value left to throw away at the end of its useful life. 

Third, I want my buildings to have maximum, continu- 
ous, and alternate use. 

If conditions arise which make it appear advantageous 
to change from one class of stock to another, I am certain 
that I do not want to give as my only excuse for not so do- 
ing, that my buildings would not permit the change except at 
prohibitive cost. There are certain types of specialty build- 
ings like small hog houses which have only one use. Cer- 
tain new movable types do, however, have wider use. On 
my own farm, my movable hog houses have also served 
well for sheep and calves. They would also do for field 
colony houses for pullets. 
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Well-planned barns with removable partitions can be 
used for Beef cattle, horses, mules, sheep, and dairy loafing 
barns. Of course, feed storage can be moved in or out so 
long as movable containers are used, as picket fence cribs 
and movable bins. 

Alternate use makes maximum use possible. The trac- 
tor salesman tells us that we can afford a tractor if we have 
1,000 hr use per year for it. Maximum use cuts down 
depreciation per hour or per job. It spreads all overhead 
over more units of use. 

A barn used to capacity constantly would have a little 
over 8,000 hr potential use. Cannot you engineers tell us 
the reasonable hour use for a farm building? It would be 
helpful if we had a figure which would mean as much to us 
as the 1,000 hours for the tractor. As farm managers we 
need it to help us determine the advisability of the original 
investment in contrast to investing in livestock, tractors, or 
additional farm machines. In any event we know that with 
limited years of use on the one hand, we must have inten- 
sive use on the other. Alternate uses aid intensity of use. 

The fourth aspect of commercial farm buildings that 
means much to me as a manager relates to their original 
cost. Clearly there is a limit beyond which the user of a 
building cannot afford to go. I have ways of telling how 
much I can afford to pay for different types of feed, for the 
stock which consumes it, for the machinery which produces 
it, and for the land itself. In the past there has been an 
inclination to plan a barn, for example, and then accept 
the lowest bid for its erection. After it is finished, then 
the problem is to justify its use. I find in the literature some 
rather amusing answers which purport to justify certain 
high costs. One man shows that it takes about $300 per 
dairy cow to build and equip the main barn. This does not 
include all the necessary buildings, as silo, calf, bull, and 
dry barns and lots. To justify this expense he figures that 
it takes a 14,000-Ib cow, although he shows that average 
production on over 7,000 cows was a little over 6,000 Ib a 
year. He places $50 as the value of a 2,000-lb cow but 
says that the 14,000-lb cow should be bought for $200. In 
short, he would have us believe that we can pay $25 per 
1,000 lb for low-producing, non-profit cows, but only $14 
per 1,000 Ib for profitably high producers which are hard 
to find at any price. If someone will sell me 14,000-Ib 
cows at $200 perhaps I can, with such cows, appear to 
justify $300 per head for their housing. 

In another instance, a writer shows that it is the build- 
ings after all that make the farm. In them the people live, 
and hence the buildings have the real value. Therefore, 
we should value the improvements, and that which is left 
is the value of the land. On this basis he finds that good 
land in his state is worth minus $10.00 per acre and poor 
land minus $80.00 per acre. I will not answer this reason- 
ing, or, perhaps I should say, lack of it. 


WHAT CAN THE LIVESTOCK OR CROPS USING FARM 
BUILDINGS AFFORD TO PAY FOR THEIR USE? 


As a farm manager I like to turn to the stock or crops 
using the buildings and ask them what they can afford to 
pay for their use. I asked a group of agricultural engineers, 
college farm management men, animal husbandry profes- 
sors, and professional farm managers some questions on this 
subject. You gave me some excellent, although amazing 
answers, the average of which came out quite well. 

One question I asked was what per cent of the gross 
income could each class of animals, as beef cows, sows, 
dairy cows, etc., afford to pay for the use of buildings. 
Your reply was 6 per cent for a beef cow; professional 
managers said 10 per cent. The figure our organization 
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uses happens to be midway between these, i.e., 8 per cent. 
If the average farm value of the calf is $25.00, then this 
gives $2.00 a year for the use of all barn and other buili- 
ing equipment the beef cow needs. This 8 per cent factor 
is just one item in figuring capital value of improvements 
which stock uses. The completed process for this calcui.- 
tion is appended to this paper. I believe the figures are 
self-explanatory, and it will be noted that my conclusion js: 

“From the foregoing it appears that a grade beef cow 
under the conditions outlined can pay $1.95 a year for the 
use of all necessary improvements which she uses. When 
this income is capitalized at 9 per cent, (the amount required 
to maintain the building) it makes $22.00 as the capital cost 
of all improvements for a unit of beef cows. The figures 
showing cubic feet required refer to the barn alone. There 
would be needed, in addition, lot fences, watering facili- 
ties, and perhaps feed bunks, scales, etc.” 

From this it will be clear that it would be difficult to 
build a 30-cow barn for $660.00. Perhaps this is the 
reason we had so many inquiries resulting from a release 
on how to build a straw shed for cattle. 


MORE THAN ONE APPROACH TO DETERMINING PROPER 
ECONOMIC COST OF FARM BUILDINGS 


I realize that the figures I have used will vary some- 
what according to conditions. If you think they should be 
changed, it will be easy for you to recalculate to fit your 
needs. This illustration is based on exclusive use by one 
class of stock. If two or more classes are to use the same 
building, then adjustments can be made accordingly. One 
should not assume from these statements that this approach 
is the only one for determining the proper economic cost 
of commercial farm buildings. It is one way that assists 
planners in determining cost limits before construction 
starts. Your affirmative answer saying that all needed im- 
provements should be considered as a cost against the 
income unit was a most important one. In the past just 
one item in all those needed has been calculated by most 
building planners. The farmer who contemplates going 
into the dairy business, for example, and must erect all 
improvements that are needed illustrates the point quite 
well. Here are some of the buildings and facilities which 
must be figured against the milk and calf income from the 
cow: Main barn; calf barn; dry barn; bull barn, (these 
four can be in one structure) ; hay and grain storage (with- 
in the barns mentioned, or separate units) ; silo; water sys- 
tem; manure disposal; lots and yards; milk house. 


Those of you who are associated with agricultural col- 
leges and answered the questionnaire previously referred 
to, said that only 8 per cent of the gross income from the 
dairy cow could be spent for annual use of improvements. 
Thus, a 7,000-Ib cow, which is above the average, at an 
average of $2.00 per 100 lb for milk and $20.00 for a 
calf can pay about $12.00 to $15.00 a year for use of 
improvements. This capitalizes, at 9 per cent, at about 
$135.00 to $150.00 per cow unit, or about $2500 to $3000 
for a 20-cow plant. That places a rather heavy burden 
on builders if they must furnish the list of structures I 
have mentioned for this sum. 


Please understand that these are rough figures used 
only to illustrate a point. I do not wish to be quoted as 
having said that a dairy farmer can only spend $135.00 to 
$150.00 per cow for improvements. Naturally each «ase 
must be figured specifically. I do wish to emphasize, how- 
ever, one method for getting at a most important question 
in regard to building costs, i.e., the use value. 


If I can leave one point with you, it is that of use vaive, 
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economic use value. This concept will not limit building 
construction, but rather expand it tremendously. In the 
past the tombstone idea has tended to freeze buildings into 
a dead past, a static asset (some now say liability) consid- 
ered somewhat as a necessary evil. If we as planner and 
user can catch this new wse idea and show by reasonable 
figures that buildings can actually return a dividend, if 
properly built and used, we will indeed have performed a 
most useful service. 

This economic-use concept of farm buildings changes 
the investment in them from the static to the dynamic. It 
visualizes buildings as tools to be used, as tractors, com- 
bines, or corn pickers are used — not planted like a tomb- 
stone. When the farmer has limited funds for investment 
for aids to better farming, those aids are not alone ferti- 
lizers, better seed, tractors, and modern tools, but also farm 
improvements. Buildings can be made to pay in the same 
way that a tractor pays, by doing a better job for less 
money; also doing it more effectively, more dependably, and 
with greater safety and comfort. They can aid in disease 
control in stock, just as cultivators aid in weed control. 
They can shorten hours of labor and assure dependable 
results from labor as does a corn picker or combine. As a 
fertilizer increases crop yields, so buildings increase stock 
yields. Throughout this discussion it should be kept in 
mind that the objectives are directed toward putting life, 
action, and wse into farm improvements. They are consid- 
ered as machines, the purchase of which pays dividends in 
direct proportion to effective use. 
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A METHOD FOR CALCULATING ALLOWABLE BUILDING COSTS FOR A GRADE BEEF 
COW UNDER SPECIFIED MIDDLEWEST CONDITIONS 
By 

Doane Agricultural Service 

St. Louis, Mo. — June 1941 
Herd. 30 mature cattle; calves sold at weaning; average weight, 380 Ib 
at $8.00 at the farm; 80 per cent crop. 
Building Factors Prof.* P.M.* D.A.S8. 

Sq ft per cow 


Melanesia dary taectecen dcvacda then acioantioopicaoks 76 66 72 
Cu ft per cow (8x9x8) , 576 


Cu ft for roughage equivalent 2% tons at 4 


oe 1125 
Cu ft grain and miscellaneous ..............0...0......... 25 
Un ae I kn ek ceremonies 1726 
Per cent of gross income from cow 
for improvement use ........................-..........-- mo, a 10 8 
Per cent of building cost required to 
maintain (tax, insurance, maintenance, 
depreciation, misc. — no interest) .................. 7 7 9 
Calculations — 1 cow 
Average calf 380 lb at 80 per cent crop — 304 lb 
A a MI ON I as cies cs casnctncecovenerepniccuscsignistextateinsd $ 24.32 
Amount cow can pay per year for use of building 
Ae ne: I I I nos ccs scpssesnconscbisanabessncnensbasbins 1.95 
Capital cost of one cow unit of building 
($1.95 capitalized at 9 per cent).........................cccccccecscceeecees 22.00 
Cubic foot cost of building (22.00 -—— 1726) ....00........0000 cee -013 
Barn GAEGSeS Lt mist CORE AOU 2. ncc cccn-cccccesencccsccsecevessensens 660.00 


From the foregoing it appears that a grade beef cow under the con- 
ditions outlined can pay $1.95 a year for the use of all necessary im- 
provements which she uses. When this income is capitalized at 9 per 
cent the amount required to maintain the building, it makes $22.00 as 
the capital cost of all improvements for a unit of beef cows. The fig- 
ures showing cubic feet required refer to the barn alone. There would be 


needed, in addition, lot fences, watering facilities, and perhaps feed 
bunks, scales, etc. 


*Figures in these columns are based on a questionnaire sent to the 
heads of the agricultural engineering, farm management, and animal 
husbandry departments of midwestern agricultural colleges (Prof.) and 
professional farm managers (P. M.); figures used by Doane Agricultural 


Service (D.A.S.). They will vary by region but show method of calcula- 
tion which should be generally applicable. 


More Rational “Normal” Proposed 
By James C. Marr 


MEMBER A.S.A.E. 


ie conventional practice of stating the “normal” as 
the arithmetic average or mean is challenged by some 
authorities on the ground that it may not express the usual, 
typical, or ordinary condition in accordance with the com- 
mon conception of the term. On the other hand, the 
“median” is found by the same authorities to be more 
nearly representative of the “normal” in the commonly 
accepted sense, since by definition it is the quantity exceeded 
in half the cases and not reached in the other half, or the 
middle value when items are arranged according to size. 
The objection to the arithmetic mean in this connection 
arises from the fact that it is too strongly influenced by 
extreme variations in a series of values. In other words, a 
few individual high values may raise the average or normal 
to a point where it fails to represent the most common 
values. For example, a he vy snowfall takes place where 
none has occurred before or afterwards. By the conven- 
tional practice of expressing the “normal” as the arithmetic 
mean, a normal snowfall is thus created, which henceforth 
will be a misnomer. On the other hand, if the median 
instead of the arithmetic mean were used to represent the 
normal in this case, its value would be zero, and the normal 
occurrence of zero snowfall would be correctly implied. 
Gisborne! finds the normal (arithmetic mean) precipita- 
tion by months at Spokane, Washington, misleading. He 
points out that the proportion of years in which the mean 
is reached or phased during the period 1881 to 1934 is 
only 39 per cent for October and December, 37 per cent 
en  euatuetiel, of the Committee on Hydrology (Soil and Water 
Conservation Division), American Society of Agricultural Engineers— 
H. S. Riesbol (chairman), R. B. Hickok, W. H. Pomerene, D. B. Krim- 


gold, J. C. Marr, L. L. Kelly, C. E. Ramser, J. G. Sutton, F. E. 
Hardisty, L. E. Hazen, D. W. Cardwell. 


1H. T. Gisborne, When a ‘‘Normal’’ Is Not Normal. The Bulletin of 
the American Meteorological Society, vol. 16, no. 6-7, June-July 1935. 


for July and August, and 26 per cent for June. The last 
case reveals the ludicrous possibility of reporting precipita- 
tion as below normal 74 years out of 100. In this case it 
is concluded that the median is superior to the mean as 
an expression of normal precipitation for individual months. 
Mindling’s? findings in this regard agree with those of 
Gisborne. He summarizes and concludes as follows: 


I examined 60 years of precipitation records for each 
of 14 stations well distributed over the United States, 
10,080 months of record in all. Of the 10,080 months 
examined, 5896, or 59 per cent, were below average. 
Seattle, the station with the best showing, had 54 per 
cent below average, while at the opposite extreme was 
San Francisco with 65 per cent of its 720 months below 
average. In six months of the year at San Francisco, 
May through October, there were 259 occurrences of 
monthly rainfall below average and only 101 above. 

So long as averages are used, there is hardly a place 
in the country that can fulfill the expectations set u 
in the mind of the layman by published normals; but 
if the median were used, there would be no such disap- 
pointment, for the number of instances below normal 
and above normal would in the long run be equal. 
The disclosures of Gisborne and Mindling in this 

regard concern a single weather element. Undoubtedly 
elsewhere in the field of hydrology, where there is need of 
expressing the “normal,” similar incongruities occur. It is 
suggested, therefore, that this subject may warrant further 


scrutiny, and perhaps finally someone to champion the 
adoption of the median as an index to normal. 


2George W. Mindling, Do Climatological Averages Serve Adequately as 


Normals? The Bulletin of the American Meteorological Society, vol. 
21, no. 1, January 1940. 
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Drying Artificially Heated Wheat 
with Unheated Air 


AGRICULTURAL ENGINEERING for September 1941 


By C. F. Kelly 


S REPORTED previously in AGRICULTURAL ENGI- 
NEERING (April 1939), the Bureau of Agricul- 
tural Chemistry and Engineering has for several 

years conducted investigations into the possibility of dry- 
ing wheat quickly with a portable machine by applying 
heat directly to the wheat by conduction and using un- 
heated air to carry away the evaporated moisture. In the 
experimental machines so far developed the damp wheat 
is heated to a temperature of about 145 F in a drum re- 
volving in an oven, and then, while passing by gravity 
down through a cooler made of two parallel screens placed 
6in or more apart, is subjected to a flow of unheated air 
which both cools and dries the grain. We believe that this 
method of drying is somewhat faster than the regular com- 
mercial method of using hot air both to carry the heat to 
the grain and to remove the moisture, because the time to 
bring the wheat mass to evaporation temperature is short- 
ened, and the rate of diffusion of the moisture to the ker- 
nel surface is increased ‘‘since the latter will be kept cooler 
due to surface evaporation and the vapor pressure of the 
warm interior will be greater than that at the surface.’ 
However, since the only artificially supplied heat available 
for evaporation is that in the grain itself, there is a defi- 
nite limit to the amount of drying possible without reheat- 
ing. The maximum temperature safe to use is determined 
by what the grain can stand without harm, and this depends 
upon whether it is to be used for seed or flour, or only as 
feed. If heated to a temperature above 150 F throughout, 
the germ may be killed and the gluten may be affected 
in such a way that the wheat will not make good flour. 


The rate and amount of drying are affected by the 
temperature to which the wheat is heated, the condition and 
velocity of the cooling air, the duration of exposure, the 
depth or thickness of the column of warm damp wheat, and 
the initial moisture content of the wheat. In order to find 
the relations among these various factors, and to determine 
the optimum conditions for drying by this method of pre- 
heating the wheat by conduction and cooling (and drying) 
it by currents of unheated air, a series of laboratory tests 
was conducted at Arlington Experiment Farm, Virginia. A 
cylindrical metal plenum chamber 24 in in diameter and 
32 in high, receiving air from a small blower through a 
6-in pipe connected tangentially at the bottom of the 
chamber, to reduce turbulence, was set up. Six holes were 
equally spaced around the center of the top and fitted with 
vaniiet gaskets so that screen-bottomed metal containers 4 in 
in diameter could be quickly inserted in the holes with an 
airtight connection between them and the plenum chamber. 
A number of wheat containers, all 4 in in diameter, but 6, 
12, and 24in high, were made of sheet metal, with fly 
screen bottoms. All except the bottom one inch of the 
cans (which was inserted in the rubber gasket of the 


Article prepared especially for AGRICULTURAL ENGINEERING. Author: 
Associate agricultural engineer, Bureau of Agricultural Chemistry and 
Engineering, U. S. Department of Agriculture. 

AUTHOR’S ACKNOWLEDGMENT: Assistance in the conduct of the tests 
described was given by B. M. Stahl and Edward Griffin. W. V. Hukill 
and S. J. Dennis assisted in the preparation of the paper. 

1Fan Engineering, 3rd edition, page 290, by W. H. Carrier. 
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plenum chamber) was heavily insulated. The cans rest d 
on a screen tray placed 1 in below the top of the chamber. 

In the first tests made the wheat was heated in a small 
revolving, thin-walled metal drum, the heat being supplicd 
by a large weed-burner blow torch directed against the out- 
side surface of the oven. By this method the wheat temper:- 
ture was raised to approximately 150 F in 2 min. In later 
tests it was found that the required amount of wheat could 
not be heated in this small drum, and a small concrete 
mixer was used instead, with the blow torch directed against 
the outside of the mixer. Because of its larger size and 
heavier construction, and the larger amounts of wheat 
heated, the heating time was increased to about 5 min. 
This — had some effect on the amount of moisture 
removed from wheat heated to the same temperature by 
the two methods, the wheat heated in the concrete mixer 
usually losing slightly more moisture. Moisture determina- 
tions were in all cases made on wheat after it was heated. 
In the description of the tests the method of heating used 
will be mentioned in each case. 


Soft red winter wheat, test weight 59 Ib per bushel 
and moisture content 13.4 per cent before tempering, was 
used for all tests. This wheat was raised to approximately 
16 per cent moisture content by the addition of water and 
was then let stand at least 48 hr before being used in a 
test to allow the moisture to become evenly distributed 
throughout the kernels. 


To show that the flow of air through each can was 
about the same and any differences did not affect the 
amount of moisture removed, a check test was made with 
six 6-in containers of 15.5 per cent moisture content wheat 
heated to 140 F and subjected to a flow of air, induced by 
a 2-in static pressure, for 6min. At the end of the test 
the moisture content of wheat in each container averaged 
exactly 14.2 per cent as determined by an electric mois- 
ture meter. 


Initial Wheat Temperature and Drying. To determine 
the effect of initial wheat temperature on the amount and 
rate of drying in 6-in wheat layers, with a static pressure 
in the plenum chamber of 2-in water-gage, four tests were 
made with initial wheat temperatures of 121, 137, 147, 
and 156 F, respectively. The initial moisture content of the 
wheat (after heating in the small drum) was 15.9 per cent 
for the tests run at 137 and 147 F and 15.7 per cent for 
those run at 121 and 156 F. The dry-bulb temperature: of 
the drying air varied from 78 to 81F, and the relative 
humidity from 57 to 61 per cent. The drying rates for 
wheat of the various initial temperatures for a 12-min 
period are shown in Fig. 1 (Continuous lines, with w eat 
moisture loss in per cent as ordinates). 


These curves are constructed from averages made up 
of three separate moisture determinations in each container 
removed on the Ist, 2nd, 4th, 6th, 8th, and 12th minutes 
of the test. In the same figure the average temperatures of 
the wheat after the same time intervals are also shown 
(Dotted lines with wheat temperature in deg F as ordi- 
nates). The average moisture and temperature loss in cach 
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test for the various periods of time (starting in each in- 
stance when the fan was started) are summarized in Table 
1. Also given are the percentages of the total moisture 
loss and temperature drops occurring in each drying period, 
1, 2, 4, 6, 8, and 12 min. In each test, except that at an 
initial wheat temperature of 121 F over half (from 57 to 
60 per cent) of the total moisture loss took place in the 
first minute of drying. On the other hand, only 43 per 
cent of the total temperature drop occurred in the first 
minute of drying in these three tests. Four minutes after 
the fan started the rate of drying had become very slow, 
but the wheat temperature was still comparatively high — 
too high to place in bulk storage. The last eight minutes 
of forced air flow was necessary to reduce the wheat tem- 
perature to a point safe for storage but accounted for a 
relatively small percentage of the drying. 


Wheat Depth, Air Flow, and er In this method of 
drying, where no artificial heat is used, except for raising 
the initial temperature of the wheat, it is apparent that the 
er cent of moisture removed must be limited by the 
amount of usable heat in each unit of wheat and by the 
relative proportion of stored heat used in evaporation of 
moisture and of that used in raising the temperature of the 
ait. These proportions, as well as the rate of drying, are 
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affected by other factors, mainly the depth of the column 
of wheat, or the distance the air travels through the heated 
grain, and the velocity of the air. In these investigations 
three different depths of wheat columns were tested by us- 
ing screen-bottomed wheat containers of 6, 12, and 24 in 
depth and air static pressures in the plenum chamber, for 
forcing air through the wheat, of 0.25, 0.5, 1.0 and 2.0-in 
water gage. Two containers of each depth (6, 12, and 
24in) were placed on the plenum chamber at the same 
time and the same air pressure was applied to all. One con- 
tainer of each size was removed after 6min of drying, 
and the other at the end of 12 min. The wheat was heated 
in the small concrete mixer, this process taking approxi- 
mately 5 min in each case, and probably accounting for the 
slight differences noted between these results and those 
given in Fig. 1, where a smaller, thin-walled mixer was 
used and the heating period was only 2 min. 

In Fig. 2 are shown the results of such a series of tests, 
using wheat initially at a temperature of 152 F (+ 2F), 
and a moisture content of 15.9 per cent (+ 0.2 per cent). 
The dry-bulb temperature of the drying air was 81 F, and 
the relative humidity 46 per cent. Section “A” of Fig. 2 
gives the average condition as to drop in wheat tempera- 
ture and loss in moisture content at the end of 6 min of 
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Fig. 1 (Top, left) Rate of loss in moisture content and change in aver- 
age temperature of wheat heated to various initial temperatures and 
dried in a 6-in wheat depth by air with dry-bulb temperatures of 78 to 
81 F and relative humidities of 57 to 61 per cent. Static pressure in 
plenum chamber, 2-in water gage e Fig. 2 (Top, center) Average tem- 
perature drop and moisture loss observed in wheat at depths of 6, 12, 
and 24 in and static pressures in plenum chamber of 0.25, 0.5, 1.0 and 
2.0-in water gage. Initial wheat temperature 152 F (+ 2 F) and mois- 
ture content 15.9 per cent (+ 0.2 per cent). Dry-bulb temperature of 
drying air, 81 F, and relative humidity, 46 per cent. A, after 6 min of 
drying; B, after 12 min of drying e Fig. 3 (Top, right) Relation between 
vapor pressure of moisture in wheat and in drying air during 12-min 
drying period, with initial wheat temperatures of 156 and 121 F. Curves 
A and B show vapor pressure in wheat and air for initial wheat tem- 


perature of 156 F, and curves C and D for initial wheat temperature of 
121 F e Fig. 4 (Bottom, left) Wet-and-dry-bulb temperatures of inlet 
and exhaust air in four tests where the wheat was heated to an initial 
temperature of 144 F. Wheat depths of 6 and 24 in, and static air pressures 
in the plenum chamber of 1 and 2-in water gage were used e Fig. 5 
(Bottom, center) Ratio, expressed in percentage, of latent heat gain to 
total heat gain of drying air, at any time during a 43-min period. Wheat 
was heated to an initial temperature of 144 F, and static pressures of 1 
and 2-in water gage were used to force air through both 6 and 24-in 
depths of wheat e Fig. 6 (Bottom, right) Effect of rate of feed and air 
pressure on amount of drying and final wheat temperature, for three 
depths of wheat—6, 12, and 24 in. Initial wheat temperature, 152 F, and 
air temperature, 81 F. (Per cent moisture removed shown by solid lines; 
final wheat temperature excess over air temperature by dotted lines) 
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TABLE 1. 


PRESSURE IN PLENUM CHAMBER 


MOISTURE LOSS AND TEMPERATURE DROP OF WHEAT HEATED TO SEVERAL 
INITIAL TEMPERATURES AND FOR DIFFERENT DRYING PERIODS. 
6-IN DEPTH, SUBJECTED TO AIR FLOW UNDER 2-IN STATIC 
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The ratio of the percent- 
age of moisture removed to 
the drop in wheat temperature 


WHEAT IN 


eae Se ee Gee ae ae eed 

— Pana ney peo Dry Relative Actual aa." Actual, —- of drying, exclusive of the 

min basis),% heating) ,F bulb, F humidity,% %o loss, % F drop, % heat lost in the heating pro- 

7? ™ . po 3 4 = 4 cess. This ratio, stated as thie 

1 15.9 147 79 59 cj 58 29 43 per cent moisture removed per 

“a - ™ i " 8 sid 63 degree drop in temperature, is 

ap - = 4 r po - = given for two sets of tesis 

2 15.9 147 79 59 9 75 39 58 made with two different con- 

tte _ ” = an ” - - ditions of inlet air, in Table 2. 

. BD Bw 8 Bf BF —-_B_ Thhe tests at 46 per cent rele 

15.9 147 79 59 1.1 92 51 75 tive humidity are the same as 

15.7 156 81 61 1.2 86 56 75 those shown in Fig. 2 where 

sr mt mk the: relations “between per 

6 15.9 147 79 59 1.2 100 60 90 cent moisture loss, temper:- 

15.7 156 81 «a = - es = ture drop, and static pressure 

. 8 # 8 8 gg B FF ia the plemm chamber are 

15.9 147 79 59 1.2 100 64 96 given for the various depths 

15.7 156 81 61 1.3 93 72 96 of wheat. In studying this 

15.7 121 80 st 3 100 “2 100 table it should be remembered 

12 15.9 147 79 59 1.2 100 67 100 that the percentages given 
15.7 156 81 61 1.4 100 75 100 


drying, and section B at the end of 12 minutes. A similar 
test, but made with drying air at a dry-bulb temperature of 
75 F and a relative humidity of 86 per cent (+ 3 per cent), 
gave results which, although slightly different in actual 
losses in temperature and moisture content, were very 
similar in the relative losses for the various wheat depths 
and air static pressures. 


Study of the curves in Fig. 2 shows that if, for in- 
stance, the wheat is left in the air-flow 6 min the optimum 
conditions for drying (within the limits of this experi- 
ment) would be an air static pressure of about 0.5-in water 
gage and a wheat column thickness of 6 in, under which 
conditions 1.7 per cent of moisture would be removed from 
wheat initially at a temperature of 152 F. By using a 12-in 
thickness of wheat at the same pressure (0.5 in), not quite 
as much drying would be obtained (1.65 per cent moisture 
drop), but the actual amount of water removed would be 
almost twice as great because twice as much wheat was 
dried. At the same pressure (0.5 in) a 24-in column of 
wheat would be dried 1.1 per cent, or approximately 21/, 
times as much moisture would be removed as from a 6-in 
wheat column, per unit of screen area. By increasing the 
drying time to 12 min (see section B of Fig. 2), the mois- 
ture drop is increased at all depths and static pressures, 
except the 6-in depth and 2-in pressure, where the wheat 
was cooled to air temperature in the first 6 min of drying. 
The optimum static pressure to use with a 24-in wheat 
column and a drying time of either 6 or 12 min was not 
reached in these experiments, but apparently would be 
somewhat above 2-in water gage. 

The effect of different air pressures on wheat tempera- 
ture drop, through 6, 12, or 24 in of heated wheat, is also 
shown by the dotted line curves in Fig. 2. As the wheat 
was originally heated to 152 F, and the dry-bulb tempera- 
ture of the drying air was 81 F, the greatest possible tem- 
perature drop is 71 F, obtained when the wheat reaches 
the temperature of the air. Therefore, in the figure, the 
distance between the temperature drop curves and a hori- 
zontal line through the 71 F point on the ordinate scale 
represents unused heat, available for further drying, and, 
if not removed, a threat to safe storage. 


are based only upon the heat 
actually removed from the 
wheat and do not take into account the unused heat still 
retained by the wheat. Because an error of 0.1 per cent in 
moisture content is possible, due to sampling error, etc., it 
should also be noticed that at the conditions having both 
a relatively small moisture loss and temperature drop, the 
calculated per cent of moisture loss per degree temperature 
drop may be misleading when compared with the results 
obtained where larger figures are used. From Table 2 it is 
seen that, of the heat removed, more is used to evaporate 
moisture at the lower static pressures (0.25 and 0.50 in) 
in the plenum chamber than at 1 or 2 in, for each of the 
three depths (6, 12, and 24in) at which the tests were 
run. At any one pressure the depth at which the largest 
proportion of the used heat went for evaporation was 12 in. 

Effect of Condition of Inlet Air on Drying. At ordi- 
nary wheat and air temperatures, such as are encountered 
in drying wheat in ventilated bins by using unheated air, 
the relative humidity of the air determines the final mois- 
ture content of the wheat and also greatly affects the rate 
at which the wheat moisture content approaches these limits. 
Under these conditions the temperature of the wheat quick- 
ly approaches the temperature of the air, and drying 
progresses until the vapor pressures of the moisture in the 
air and in the wheat approach equality. The vapor pressure 
difference between the moisture in the wheat and that in 
the air, which controls the rate of drying, is comparatively 
small and the rate of drying is consequently slow. By 
heating the wheat and its moisture this vapor pressure dif- 
ference is greatly increased, increasing the rate of drying. 
An amount of moisture which would take hours to remove 
(see pages 69 and 70 of U.S.D.A. Circular 544, “Methods 
of Ventilating Wheat in Farm Storages’”) where the whcat 
and air are at the same low temperature, can be removed 
in a few minutes by heating the wheat to, say 145 F before 
introducing the same air. 


While we have no exact data on the vapor pressures of 
moisture in wheat above the temperature used by Coleman 
and Fellows? in their determinations of the equilibrium 
moisture contents of wheat, 77 to 83.5 F, if we assume 


2Coleman, D. A. and Fellows, H. C. ‘‘Hygroscopic Moisture of Cereal 
Grain and Flax Seed Exposed to Atmosphere of Different Relative Hu- 
midity’’, Cereal Chem. 2:275-287, illus., 1925. 
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that the vapor pressure of moisture in wheat increases with 
temperature in the same manner as does that of air at 
constant relative humidity, the vapor pressures at the higher 
wheat temperatures can be estimated approximately. For 
instance, if we have soft red winter wheat of 16 per cent 
moisture content, Coleman and Fellows’ curves give the 
equilibrium relative humidity as about 79.5 per cent at a 
temperature between 77 and 82.35 F. The vapor pressure 
of the wheat moisture at this temperature, since it is in 
equilibrium with that of the air, is about 20 mm of mer- 
cury. Heating the wheat to a temperature of 140F will 
increase this vapor pressure to approximately 118mm; a 
temperature of 120 F, to 86mm. Vapor pressures of the 
unheated air used in these tests ranged from 11.5 to 
32mm*. The difference between the vapor pressures of 
the moisture in the heated wheat and that of either the 
46 or 95 per cent relative humidity air is so great as to 
make the small difference between the air vapor pressures 
oi little importance. In Fig. 3 is shown a comparison of 
the wheat moisture vapor pressure, obtained by the above 
method from the wheat moisture content and temperature, 
with the vapor pressure of the moisture in the air for two 
of the tests previously used in Fig. 1, where the wheat was 
heated to 156 and 121F, respectively, and unheated air 
was forced through a 6-in layer of the heated wheat under 
a static air pressure of 2-in water gage. The initial condi- 
tion of the air that passed through the 156 F wheat was 
81 F dry-bulb and 61 per cent relative humidity; that for 
the 121 F wheat, 80 F dry-bulb and 57 per cent relative 
humidity. The wheat moisture vapor pressure curve at the 
end of 12 min had in both tests become almost constant 
at a point slightly above the vapor pressure of the air. 
Reference to Fig. 1 shows that at the same time the rate 
of moisture loss was also very low. 


Heat Content of Exhaust Air. The changes in the con- 
dition of the air brought about by passing through the 
initially warm and damp wheat give an opportunity to de- 
termine with some exactness 
the efficiency with which the aBLe 2. 
heat removed from the wheat 
is used for drying. The gain 
in latent heat through vapori- 
zation of water divided by 


the gain in total heat of air einees 


and water vapor, per pound _ pressure of ' Depth 
of dry air used, gives directly *"Wharkber. (wk 
the percentage of the heat im(water) — min in 
removed which is actually 6 
used in evaporating moisture, , x 
the balance being wasted in 25 . 
raising the sensible heat of 12 12 
the air unless the air is recir- 2 
culated in some manner. To 6 
calculate the gains in total and . by 
latent heat per pound of dry 5 
air used, the wet-and-dry-bulb 12 B 
temperatures of both the in- 24 
let and exhaust air must be 6 
known. These determinations 6 7 
were made at 1-min intervals 1.0 
over a 43-min period in these -“ Bs 
investigations in a series of 24 
tests involving three depths of 6 
wheat, 6, 12, and 24 in, two 6 13 
*11.5 mm of mercury is the vapor 2.0 
Pressure for air at 79 F dry-bulb 6 
temperature and 46 per cent relative 12 12 
humidity, and 32mm is that for 24 


air at 88F dry-bulb temperature 
and 95 per cent relative humidity. 


*Wheat had an initial moisture content, after heating, of 15.9 per cent (+ 0.2%). 
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static pressures of air in plenum chamber, 1 and 2 in, and 
two conditions of inlet air. A 4-in skirt, with a horizontal 
rectangular slot just large enough to receive a Weather 
Bureau type sling psychrometer, was placed on top of each 
wheat container so that the exhaust air passed the wet and 
dry bulbs of the psychrometer 1 in above the wheat surface. 
The thermometers were held in a horizontal position. Be- 
cause the velocity of the air passing the wet bulbs was not 
high enough to give an exact reading, the observed wet-bulb 
depressions were corrected to the true theoretical wet-bulb 
depressions by means of the method and charts given by 
W. H. Carrier and D. C. Lindsay*. As no observations of 
the volume of air forced through the wheat were made, these 
were determined from the static pressure observations by 
use of the unpublished data of the University of California 
department of agricultural engineering and of the curves 
shown on page 68 of U.S.D.A. Circular 544, “Methods of 
Ventilating Wheat in Farm Storages,” and air velocities cal- 
culated from these volumes were used to correct the wet- 
bulb depressions. 


The observed dry-bulb temperatures and corrected wet- 
bulb temperatures for four tests are shown graphically in 
Fig.4. The wheat was heated initially to a temperature 
of 144F. The effect of differences in depth of wheat on 
increase in both wet-and-dry-bulb temperature of exhaust 
air is much more apparent than that of differences in static 
pressure. With a 6-in depth of wheat there was no increase 
in dry-bulb temperature of the exhaust air after 13 or 
14 min of drying, indicating that all of the heat available 
above the temperature of the inlet air, 80F, had been 
removed. On the other hand, with a 24-in wheat depth 
the removal of heat from the wheat extended over a much 
longer period, as indicated by the fact that even after 
43 min of drying the dry-bulb temperature of the exhaust 


4Carrier, W. H. and Lindsay, D. C. ‘*Temperatures of Evaporation 
of Water into Air,’’ Transactions of the American Society of Mechanical 
Engineers, 1924, pp. 739-780. 


DEGREES TEMPERATURE DROP, PER CENT MOISTURE LOSS, AND PER CENT MOIS- 
TURE LOSS PER DEGREE TEMPERATURE DROP FROM WHEAT HEATED TO A 
TEMPERATURE OF 152F (+ 3 F) 


Condition of drying air 


Condition of drying air 75F (+2F) and 86 per cent 


81F (d-b) and 46 per cent r.h. (+3 %) r.h. 

Per cent Per cent 

moisture moisture 

loss per loss per 

Temp Moisture deg temp Temp Moisture deg temp 
drop, F loss*, % drop drop, F loss, % drop 
52 1.45 -028 49 1.68 -034 
37 1.29 .035 32 1.12 -035 
23 -82 -036 17 -68 -040 
60 1.59 .026 58 1.85 -032 
50 1.64 -033 46 1.58 -034 
36 1.07 -030 25 -90 -036 
57 1.72 -030 57 2.7 -030 
44 1.63 -037 42 1.63 -039 
33 1.13 -034 30 -93 -031 
68 1.83 -027 66 1.82 -028 
56 1.93 -034 53 1.85 -035 
48 1.65 -034 42 1.45 -035 
58 1.65 -028 64 1.53 -024 
48 1.60 -033 47 1.63 -035 
38 1.22 -032 39 1.15 -029 
70 1.73 -025 75 1.52 -020 
57 1.92 -032 60 1.85 -030 
48 1.68 -035 53 1.55 -029 
65 1.42 -022 73 1.37 -019 
53 1.55 -029 55 1.53 -028 
47 1.38 -029 47 1.15 -024 
71 1.45 -020 77 1.2 -016 
64 1.77 -028 65 1.8 -028 
60 1.78 -030 56 1.8 -032 
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air was several degrees above that of the inlet air. Al- 
though no wheat temperatures were taken in these tests, it 
is evident that the wheat temperature must at all times be 
higher than that of the exhaust air, provided the tempera- 
ture of the exhaust air shows an increase over that of the 
inlet air. 

The curves of Fig. 4 indicate, then, a very much slower 
removal of heat in the greater wheat depths under similar 
conditions of air static pressure, with a correspondingly 
lower rate of drying, assuming the same proportion of the 
removed heat in each case is used for evaporation. How- 
ever, as shown in Fig. 5, the percentage of the heat taken 
up by the air that is used for actual evaporation varies con- 
tinuously during the drying process and also with the depth 
of wheat, static pressure of air in plenum chamber, and 
time of drying. These curves are based upon the gains in 
total heat and latent heat of the exhaust air over that of 
the inlet air, the latent heat gain divided by the total heat 
gain giving the percentage of the heat removed that is 
utilized at any time for evaporation. 


Possible Application. As stated before, the studies dis- 
cussed in this article were made with the intention of 
applying the results in the design of a portable wheat dry- 
ing machine. A portable machine must be light and com- 
pact, compared to a stationary plant, and some compro- 
mises must usually be made to obtain this condition. In a 
machine using the drying method described in this article, 
the same amounts of moisture can be removed from a unit 
quantity of heated wheat by several different arrangements 
of cooler design and air static pressures. The amount of 
wheat which is to be dried per hour is fixed by some factor, 
such as size of heating unit, rate of combining or threshing, 
etc., and the drying or cooling unit must be of such size and 
shape, and be provided with air under such a static pres- 
sure, that the desired amount of moisture is removed. 

To summarize graphically the data from these tests, 
Fig. 6 was prepared to show the amount of moisture that 
can be removed from wheat, and the differences between 
the wheat and air temperature after the moisture is re- 
moved, for three conditions of wheat depth — 6, 12, and 
24 in, for several static pressures from 0.25 to 2.0-in water 
gage, and for several rates of feed in bushels per hour per 
square foot of screened area. This screened area corres- 
ponds to the area of the bottom of the small test cans. The 
three static pressure conditions occupy separate sections of 
the figure. The combination of any given air pressure, 
depth or thickness of wheat column, and rate of feed with- 
in the limits of the experiment locates a point which shows, 
by reference to the solid line curves, the percentage of 
moisture removed, and by reference to the broken line 
curves the excess of the final wheat temperature above that 
of the air employed for drying. 

Inspection of Fig.6 for the 6 and 12-in depths of 
wheat shows that, with increasing air pressures, the mois- 
ture removal curves rise to a maximum and then drop again, 
while the temperature curves show a continuously upward 
slope. This means that, for any given wheat thickness and 
rate of feed, increasing the air pressure will decrease the 
temperature difference between wheat and air, and also, 
up to a certain point, will increase the moisture removed. 
Increasing the pressure above this point decreases the 
amount of moisture removed. 

Moisture removal curves shown in Fig. 6 for the 24-in 
wheat depth do not reach maximum values but show values 
increasing up to the limit of the experiment. The maximum 
values of moisture removal would probably be reached at 
pressures well above 2-in water gage. 
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The curves in Fig. 6 may be used either for design pur- 
poses or for selection of the most suitable operating con- 
ditions for a drier already constructed. For example, sup- 
pose that 60 bu of wheat per hour are to be heated to a 
temperature of 152 F in a revolving drum, and are then to 
be dried and cooled by air with a temperature of 81 F. 
The problem is to select a thickness of wheat column, 
amount of screened area exposed to the air blast, and static 
pressure forcing air through the wheat, that will remove 
the greatest amount of moisture from the wheat and not 
leave it too warm to go into storage. Assuming a screened 
area of 15 sq ft, at the feeding rate of 60 bu per hr the 
quantity of wheat passing through the cooler per hour per 
square foot of screened area will be 4 bu. From Fig. 6, for 
this feeding rate per square foot of screen, the optimum 
air static pressure for a 6-in wheat column thickness is 
0.6-in water gage, which will remove 1.74 per cent mois- 
ture from the wheat and leave it with a temperature about 
12 deg above that of the drying air. At the same wheat 
column thickness and feed rate, if the static pressure is 
increased to 1.5 in, only 1.45 per cent of moisture will be 
removed, but the wheat temperature will be only 5 deg 
above the air temperature. Under the same conditions of 
screened area and rate of feed the optimum static pressure 
for a 12-in wheat thickness is about 1 in, the amount of 
moisture removed being 1.94 per cent, and the wheat tem- 
perature 12 deg above air temperature. 

Other combinations of static pressures, screen area, and 
thickness of column can be checked for moisture removal 
and final wheat temperature excess over air temperature by 
these curves. Some of the combinations may give satis- 
factory results in one respect and prove unsatisfactory in 
another. For instance, in the example just discussed, reduc- 
ing the screen area from 15 to 10 sq ft would increase the 
quantity of wheat per square foot of screen to 6 bu per hr. 
With a 12-in column thickness the optimum static pres- 
sure for moisture removal is 0.9 in, giving a fairly satis- 
factory moisture loss— about 1.72 per cent. However, 
the final wheat temperature will still be 20 F above the air 
temperature, which may be too high for safe bulk storage. 

It should be remembered that with a wheat column 
thickness of 12 in the amount of wheat in the cooler or 
drier will be twice as great, and with a 24-in column thick- 
ness, four times as great as with a 6-in column. In a port- 
able drier these greater volumes of wheat may prove unde- 
sirable. 


How Agriculture Can Serve Industry Better 


T IS not only in oil-bearing crops that agriculture can 

be readjusted to serve industry better. There is need 
for its bigger help in starches, in cellulose, in solvents, in 
aromatics, in drugs, in tan stuffs, and in a hundred other 
fields of industry. Service for these needs must be properly 
fitted into that which agriculture now performs more of 
less efficiently to feed the nation and other peoples of the 
world. 

What business must work to effect is a policy of conirol 
which aims at plenty, not at paucity. Such a policy would 
not make idle lands; it would insist that all land be 
profitably used; that every acre obviously in excess of needs 
for cotton, wheat, corn, citrus fruits, or other major c:op, 
be devoted to the production of something else — food- 
stuffs or industrial materials as circumstances dictated. And 
it would insist that these products be given preferential 
consideration by domestic industry.—From an editoria! in 
Oil, Paint and Drug Reporter for July 28, 1941. 
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HE demands of farm operators on the Texas Plains 
have been responsible for a decided change in the 
method of terrace-system planning. The primary 

demand of this group is that point rows and point-row 
areas be reduced to a minimum in the terrace systems, in 
order that the farm operators can more efficiently use their 
large row-crop machinery. If this demand is to be met, and 
it must be, haphazard methods of locating and running 
terrace lines can no longer be used. 


For many years agricultural engineers, agricultural 
agents, vocational agriculture teachers and students, farmers, 
or anyone who knew how to set up and use a farm level 
have laid out terrace lines and terrace systems. The method 
used consisted of locating the top terrace by some accepted 
procedure and then determining the vertical interval for 
each successive terrace, usually on whatever slope the rod- 
man happened to be when he reached the end of the ad- 
jacent terrace. Quite often only one or two terrace lines 
were run each year, and the following years when succes- 
sive lines were run, probably by different individuals than 
those who ran the preceding ones, the location and align- 
ment of the terrace above was not taken into consideration 


at all except as a starting point to determine the vertical 
interval for the next terrace. 


While a terrace system laid out by the above described 
method can satisfactorily accomplish its objective in soil and 
water conservation, it often produces a large number of 
point-row areas, brings terraces too close together in some 
places and too far apart in others, and in general leaves 
the fields in an unsatisfactory condition for normal farm 
operations. 


While this condition has always been objectionable, the 
farmers in the sections where terracing has been an ac- 
cepted practice for many years, have adapted themselves to 
it. Most of them have used equipment ranging in size from 
single-row, walking, horsedrawn farm machinery to two- 
row tractor equipment. Such equipment can be turned 
easily and handled in small places. The point rows were 


Paper presented before a meeting of the Southwest Section of the 
American Society of Agricultural Engineers at Dallas, Tex., April 1941. 


Author: Agricultural engineer, Soil Conservation Service, U. S. Depart- 
ment of Agriculture. 


Fig. 1 (Left) Map of level terrace system laid out without any plan- 
nine prior to time of staking lines. Heavy lines represent terrace lines; 
light areas, long rows; shaded areas, point-row areas e@ Fig. 2 (Right) 


Terrace System Planning to Reduce Point Rows 
By Eugene C. Buie 
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less objectionable than the gullies which the terraces stop- 
ped; therefore, the farmer adapted himself and his equip- 
ment to the terrace system. 

On the Texas Plains an entirely different condition ex- 
ists. The land is flat and not cut up by deep gullies which 
cannot be crossed by farm equipment; many farmers use 
three and four-row tractor-drawn equipment, and most 
farmers cultivate large acreages ranging from 320 to 640 
acres or more. They do not have the time or equipment 
needed to work unnecessary point-row areas. They have, 
therefore, demanded that terrace systems be designed so 
as to reduce point-row areas to a minimum and eliminate 
all possible sharp turns and bulges in terrace lines. 


There is no reason why all terrace systems should not 
be systematically and carefully planned. Such planning is 
used for other permanent farm improvements. Farm build- 
ings, fences, and wells are carefully planned and located 
so as to accomplish the purpose desired. The drainage area, 
location, foundation, and storage capacity of a farm pond 
are carefully considered before building the pond, yet most 
farm ponds do not cost as much as $200.00 and the farmer 
has little or no work to do on them after they are completed. 


Terraces in this section cost about an average of $1.00 
per acre. Few farmers cultivate less than 200 acres and 
many cultivate as much as 640 to 1,000 acres. At $1.00 
per acre, terracing represents quite a large investment to 
these people. Besides the initial cost, each farmer operates 
his equipment between and on his terraces many times a 
year. It has been estimated that farming with terraces will 
increase operation costs from 25 to 50c (cents) per acre 
per year. This cost largely varies with the care with which 
terrace systems are planned. Why, therefore, should terrace 
systems be haphazardly laid out with little or no planning? 

In order to meet the demand of farmers and farming 
conditions in this section, all terrace systems are planned 
on topographic maps. The planned system is then laid out 
on the field. Through this method of planning, each ter- 
race in the entire system is planned with reference to all the 
other terraces in that system. Terraces can be spaced on 
the proper slope for most satisfactory alignment and soil 
and water conservation. When (Continued on page 324) 


Map of level terrace system laid out after planning system on topo- 
graphic map. Note great reduction in point-row areas as compared with 


Fig. 1 
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UGAR CANE in Louisiana is grown from the full- 
length stalks planted in rows spaced 6 ft apart, and 
normally follows a crop of soybeans or soybeans and 

corn. The corn is harvested in August and the soybeans 

and corn stalks are turned under to add humus and nitro- 
gen for the following cane crop. 

The greater part of the land preparation is done with a 
special sugar cane tractor of about 30 hp, with a direct 
attached row-reversing plow. A typical row-reversing plow 
is made up of a 22-in double moldboard plow in front, 
followed by a 10-in right and left-hand moldboard ~~ set 
22 to 28in apart, and a 14-in double moldboard in the 
back set 4 to 8 in deeper than the front double moldboard 
to completely break out the row. The ridges thus formed 
vary from 12 to 18 in in height. 

In September these ridges are opened with a double 
moldboard plow, and the stalks of sugar cane are planted. 
The stalks are cut and hauled in carts or wagons to the 
fields opened for planting. The wagon wheels have the 
same spacing as the rows and follow the middles. In small 
operations two men follow a cart, pulling out the stalks 
and placing them in the furrows. On larger operations 
one wagon will be used for three to five rows with a crew 
of negro men and women following, placing the stalks 
straight in the rows. Stalks are lapped half and half. Cov- 
ering is generally done with a disk cultivator. In dry 
seasons soil packers or rollers are used to compact the soil 
around the seed canes. Some planters add a short roller 
back of the disk on the cultivator to cover and compact in 
one operation. From this one planting the general practice 
in Louisiana is to get a plant cane crop the following fall 
and then a first and second year stubble crop, or three crops 
from one planting. In some tropical countries it is possible 
to secure 20 to 25 crops from one planting. However, in 
recent years the tendency is to a shorter rotation. 

With favorable weather the cane will sprout and send 
up a good many shoots before December. Some years these 
shoots will grow on through the winter, but are generally 
frosted back to the ground. In February and March the 
dirt is plowed from each side or “‘off-barred” from the side 
of the cane. This allows the sun to warm up the soil and 
plants and increases the rate of sprouting. Walking turn- 
ing plows were formerly used for this operation. Today 
the high-clearance cane tractor equipped with a direct- 
connected two-row frame and four sets of three disks each, 
or right and left-hand moldboard plows of 10 in are being 
used successfully in the state for off-barring. 

There are several optional operations at this time of the 
year that may or may not be performed depending upon 
the conditions of the crop. 

Stubble diggers are utilized for loosening the dirt 
around the stubble pieces when the soil has become very 
compact and germination is delayed, and as an aid for 
hand hoe gangs. 

Stubble shavers, power-driven flat disks revolving in a 
horizontal plane, are generally utilized for cutting the old 
stubbles about an inch below the surface of the ridge. This 


Paper presented before the Power and Machinery Division at the 
annual meeting of the American Society of Agricultural Engineers at 
Knoxville, Tenn., June 1941. Author: Associate agricultural engineer, 
Louisiana State University. 


Machinery for Sugar Cane Production 


By Harold T. Barr 


Member A.S.A.E. 
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operation cleans off the top of the row and aids in getting 
the sun on the stubbles. Plant cane scrapers, wide flit 
sweeps, are used for removing the excess dirt over the seed 
pieces and any grass and weeds that may be directly in the 
top of the ridge. 

Hand chopping or hoeing of the weeds in the cane 
line and removal of dirt directly in the cane line is still 
practiced to a large extent. However, several machines have 
been brought out in the last few years for performing this 
operation. Hand hoeing is performed by gangs of negro 
men and women at a cost of approximately one dollar per 
acre. With a tractor, mechanical hoe, and two men, the field 
can be covered at a cost of approximately twenty-five cents 
per acre. These mechanical hoes have two sets of curved 
blades revolving in a horizontal position cutting into the 
row from each side and doing a remarkably good job of 
killing the weeds and Bermuda grass. 

In April nitrogen fertilizers are applied to each side of 
the cane row and the dirt moved back into the off-barred 
furrow. The fertilizer is applied with two-wheel cart dis- 
tributors, or by tractors. A common practice today is to 
mount two large fertilizer hoppers on a general-purpose 
cane tractor and fertilize and ‘‘dirt-back’’ in one operation. 

As the cane grows, weeds must be controlled and the 
row gradually built up. For animal power the between-row 
walking cultivator equipped with two gangs of large size 
turning shovels is in use on small farms. On slightly larger 
plantings a straddle-row cultivator equipped with shovels 
or spring teeth is favored. Straddle-row riding cultivators 
with disk tools far outnumber either of the above types of 
cultivators. The high-clearance sugar cane tractors with 
two-row cultivating units have increased the acreage per 
worker many times. A three-row tractor disk cultivator 
developed by an ingenious Louisiana farmer is capable of 
cultivating as high as 90 acres per 10-hr day. A local manu- 
facturer is now building this implement upon order. 

The harvesting of sugar cane generally starts about 
October 15th and extends through the following 80 to 100 
days. Cutting the cane by hand with a cane knife, strip- 
ping the leaves, removing the (Continued on page 324) 


This picture shows the hand loading of sugar cane 
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CART-TYPE hydraulic drawbar dynamometer de- 
signed and built especially for testing tillage ma- 
chinery is described and illustrated in this article. 

The dynamometer has been used in measuring draft and 

power requirements of summer fallow tillage implements 

over a considerable area of western Kansas. The illustra- 
tions show the construction of the unit, and the following 
is a brief statement of its main features: 


The dynamometer is readily transported at high speed 
behind car, truck, or tractor. In test work just completed 
it has traveled more than two thousand miles behind a 
pick-up truck. 

A minimum of time is required in hooking up to a 
tractor and implement. The unit is self-contained and no 
special connections or attachments are required on either 
the tractor or implement. This feature is essential when 
testing machines in regular operation on farms. Few 
farmers object to having their machines tested when only 
four or five minutes is required to make the hook-up. 


The relative positions of the drawbars of the tractor 
and implement are not changed when making draft tests. 
The drawbar (1) * which extends through the dynamometer 


Article prepared especially for AGRICULTURAL ENGINEERING. Contribu- 
tion No. 105 from the agricultural engineering department, Kansas State 
College. Authors: Associate professor of agricultural engineering and 


graduate research assistant in agricultural engineering, respectively, Kan- 
sas State College. 


*Numbers in parenthesis refer to numbered parts in the figures ac- 
companying this article. 
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SCALE: 3°* 1-0" 


(Left) Framework of the dynamometer cart showing the mounting of the 
hydraulic cylinder and the telescoping, adjustable drawbar, and rear view 
of the assembled unit showing the drawbar height-adjusting mechanism. 
® (Center) Sectional view showing construction of adjustable drawbar 
and worm gear drive for recording mechanism. e (Right) Top and 
Side views of the assembled unit showing arrangement of the various 
instruments and drawbar. The parts as numbered in the above drawings 
are: (1) drawbar, (2) stop cleat on telescoping drawbar for backing, (3) 
drawbar height-adjustment screws, (4) operator’s seat, (5) switch for 
Start-stop needle and stopwatch, (6) shield or conduit for flexible shaft, 


Dynamometer for Testing Farm Machinery 


By E. L. Barger and W. J. Promersberger 


DETAIL OF WORM GEAR DRIVE 
FOR RECORDING MECHANISM 
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cart is supported rigidly, provision being made for adjust- 
ment (3) of height to correspond to the tractor drawbar 
height. A height adjustment of from 11 to 17 in is pro- 
vided. The dynamometer drawbar is supported on ball- 
bearing wheels (21) in a manner which permits free trans- 
mission of implement draft to the hydraulic cylinder (11), 
but vertical and side components of force are carried by 
the dynamometer frame. Machines without tongue trucks, 
the front ends of which are supported normally by the 
tractor drawbar, are handled satisfactorily. 

Both direct-reading and recording-draft instruments are 
provided. By exchanging springs in the draft-recording 
instrument, draft loads up to 10,000 Ib may be measured. 
The recording unit and hydraulic cylinder are demountable 
and are used on a tractor drawbar loading and testing car, 
described previously’, and on a light two-wheel cart using 
bicycle wheels, also described in a previous paper®. Any 
hydraulic dynamometer consisting of hydraulic cylinder 
and pressure-recording units could be used on a cart of this 
type with slight alteration of the design. 

The dynamometer has been used in student laboratory 
field work in farm machinery. The direct-reading draft 


1Barger, E. L. A Tractor Drawbar Loading Machine and Dynamom- 
eter. Agricultural Engineering, May 1940, vol. 21, no. 5, pp. 187-188. 

®Barger, E. L. Power, Fuel, and Time Requirements of Contour 
Farming. Agricultural Engineering, April 1935, vol. 17. no. 4, pp. 153-156. 


OETAIL OF ADJUSTABLE ORAWBAR 
SCALE: S=1-O" 


(7) cut-off valve, (8) oil line from hydraulic cylinder, (9) guard rail, 
(10) signal horn switch, foot-operated, (11) hydraulic dynamometer 
cylinder, (12) storage battery, (13) signal horn, (14) draft gage, direct- 
reading, (15) stopwatch, electrically controlled, (16) start-stop needle 
and solenoid, (17) strip-chart drive mechanism, (18) pressure-indicator 
mechanism, (19) tool box, (20) guide for adjustable drawbar, (21) 
ball-bearing wheels, (22) channel iron cross members, (23) flexible shaft 
to drive recording-chart mechanism, (24) vertical drawbar adjustment 


screw, (25) flexible shaft and gear mounting, (26) gear keyed to flexible 
shaft, (27) worm gear mounted on wheel hub 
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instrument is desirable for non-technical student instruc- 
tion, while the recording unit is used by technical students 
in more exact work. The quick hook-up feature reduces to 
a minimum the time lost in getting ready for class work. 
Also, this type of instrument is sturdy. There are no deli- 
cate parts, and there is little danger of damage when oper- 
ated by students or inexperienced operators. 

The complete dynamometer unit weighs 850 lb without 
the operator. This weight is undesirable from the stand- 
point of handling the equipment, but considerable weight is 
needed when testing heavy combines or wide machines that 
tend to whip around in rough ground, or whenever there 
is much sidedraft. Two men can handle the cart in plowed 
ground when hooking up to or unhooking from tractors 
and machines. 


Machinery for Sugar Cane Production 
(Continued from page 322) 


tops, and throwing the stalks into 0 has been the gen- 
eral practice. The average negro laborer will cut and pile 
11/, tons per day. Plenty of labor, a low scale of wages, 
and certain political or governmental principles involving 
the employment of labor have each retarded the use of 
harvesting machines. Increasing labor troubles and higher 
wages are causing more interest in the mechanical harvest- 
ing of sugar cane. 

Four different manufacturers of mechanical cane har- 
vesters each had machines in operation in the Louisiana 
cane fields during the fall of 1940. Three of these are built 
as attachments for a sugar cane tractor, handling one row 
at a time. These machines show promise, and with certain 
refinements each company will be operating one or more 
machines in the cane fields this fall. The fourth manufac- 
turer had 26 machines in the field this past fall. The latter 
machine requires three men to operate it and has been oper- 
ated 24 hr per day by several plantations with just enough 
time out to grease, refuel, and change operators. This same 
manufacturer has a lighter one-row harvester ready for 
trials. 

The sugar cane stalks are picked up by small portable 
cane loaders (or by hand), loaded into carts, and hauled 
to a derrick for transfer into trucks or railroad cars, or 
taken directly to the sugar cane mill. Transportation by 
barges on the canals and bayous of the lower Gulf district 
is utilized wherever possible as a cheap transportation 
method. With the development of the rubber-tired cane 
tractor and two-wheel rubber-tired cane carts the hauling is 
now commonly done with a 30-hp model and two carts, or 
a smaller tractor and one cart. The loads of sugar cane 
vary from 11/, to 4 tons, depending upon the type of equip- 
ment available, and often upon the weather. After a rainy 
period of 10 to 50 days during the time of cane harvest, 
it is common to see the tractors and wagons cutting from 
10 to 20in deep into the soft fields or dirt field roads. 
High-gear tractors with two carts attached and capable of 
making 10 to 15 mph are used to some extent for hauls 
of 2 to 10 miles in the fields and along the highway. The 
use of truck-trailer units for hauls of from 2 to 25 miles is 
increasing each year. These truck-trailer units haul loads 
varying from 6 to 161/, tons. 

The present-day cane tractor and particularly all of our 
sugar cane implements have been developed by local men 
and then taken over by one of the farm machinery manu- 
facturers. One manufacturer, however, supplies only the 
tractor while a local machine shop fabricates the implements 
to go with it. Machinery for sugar cane must be built to 
withstand rough usage from negro labor and heavy soils. 
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The cart-type hydraulic drawbar dynamometer in operation. Large units 

are handled by placing a heavy spring in the draft-recording mechan- 

ism. Note dynamometer drawbar in low position to correspond to tractor 
drawbar 


The farmer, however, should not be expected to maintain 
a machine shop and a welder, and then Prenish each tractor 
operator with a pocketful of bolts in order to keep his 
machines going. 


Terracing to Reduce Point Rows 
(Continued from page 321) 


slopes are unusually uniform, it is even possible to parallel 
some terraces, thus eliminating all point rows between them. 
Figs. 1 and 2 show to what extent this is possible in an 
average field. 

The procedure followed in this method is simple. A 
survey crew composed of three or four men makes a topo- 
graphic map of the field to be terraced. The contour inter- 
val usually will vary from 1 to 5 ft, depending on the slope. 
The completed map is given to a trained planning engineer 
who may or may not be a member of the survey party. If 
he is not already familiar with the farm, farm equipment, 
and farming methods used on this farm, he acquaints him- 
self with them, and, keeping them in mind, designs the ter- 
race system on the topographic map. The survey crew then 
lays this system out on the farm. In this way the farmer 
gets the best suited terrace system it is possible for the 
engineer to plan for his farm. 

The cost for this type of planning is not excessive. The 
entire cost for the plan should not exceed 7c per acre on 
— ranging from 0.5 to 3 per cent. The plan will 
reduce the cost of direct terrace layout over what it would 
have been without a plan. If this type of planning reduces 
the cost of farming with terraces as much as 20 per cent, 
and it is not an unreasonable expectation, it will save the 
farmer from 5 to 10c per acre per year. In 10 years on 
200 acres of terraced land, this will amount to $100.00 to 
$200.00, or almost enough to pay the initial construction 
costs. 

An application of this type of planning to water erosion 
problems in relatively small fields with steep slopes indi- 
cates that it has just as much benefit there as under the 
conditions described above. 

With the great demand that now exists for terracing as 
a part of a coordinated soil and water conservation ‘arm 
plan, haphazard terrace planning is somewhat out of place. 
This is not intended to infer that all planning everyy here 
should be based on topographic maps. The method used 
should depend upon the existing conditions, but all terrace 
systems should be internally coordinated so as to give the 
farmer the best farming conditions possible as well as soil 
and water conservation. Perhaps, if planning engineers had 
to farm some of their terrace systems for a few years. this 
factor would become more important in their planning. 
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ERTAIN problems on the flow and distribution of 
water in soil can be simplified if principles and con- 
cepts of hydraulics long familiar to engineers are 

applied. Hydraulic head and hydraulic gradient are in 
common use for expressing the flow of water in various 
types of conduits and in saturated soil, but water flow in 
unsaturated soil is not often thought to be a similar case. 
Commonly used types of gages or manometers can be em- 
ployed for measuring the pressure in water in unsaturated 
soil providing a suitable porous medium is used for con- 
necting the water in the measuring device to the water in 
the soil. These pressure measurements can be related 
directly to hydraulic head and hydraulic gradient. 

By way of introduction, consider briefly the liquid sys- 
tem shown in Fig. 1. The “hydraulic head” at any given 
point in a liquid system may be taken as the elevation at 
which water stands in a riser or piezometer connected to 
the point in question, the connection being made in such a 
way that velocity head is not measured. (Generally in the 
treatment of hydraulic problems it is necessary to consider 
velocity head, pressure head, and gravity head, these quan- 
tities being defined by the respective terms in the Bernouilli 
equation, v?/2g + p/dg + h=C. The sum p/dg + hb is 
equivalent to definitions frequently given for “hydraulic 
head”, although “‘static hydraulic head” is sometimes used 
to indicate that velocity head is not included. Moisture 
movement in soils is, in most cases, so slow that velocity 
head is quite negligible.) 

It is seen that the hydraulic head at the points, A, B, 
and C in the figure is the same, this being the condition 
that must hold if the water is at static equilibrium under 
gravity. It is noted that a pressure gradient does exist, but 
between A and B or B and C the difference in the pressure 
head is equal and opposite to the difference in the gravita- 
tional head. If there exists a difference in hydraulic head 
between two points in a connected liquid system such, for 
example, as is shown in Fig. 2, the presence of an unbal- 
anced driving force is indicated and the flow takes place in 
the direction of the decrease in the hydraulic head as 
shown by the arrow. 

For soil moisture work we may define the “hydraulic 
gradient” as the loss in hydraulic head per unit distance 


Paper prepared especially for AGRICULTURAL ENGINEERING. Author: 
Senior soil physicist, Regional Salinity Laboratory (Riverside, Calif.), 
Bureau of Plant Industry, U. S. Department of Agriculture. 


Fig 1 In a hydraulic system at rest under gravity the hydraulic head is 
the same at all points. The gravity force is balanced by the pressure 
gradient e Fig. 2 Flow takes place in the direction of the decrease in 
hydraulic head e Fig. 3 The manometers indicate the hydraulic head 


Hydraulics of Water in Unsaturated Soil 


By L. A. Richards 


along an average or macroscopic flow line. Engineering 
literature contains at least two different definitions for 
hydraulic gradient but the above definition appears to be 
in harmony with current usage in soil mechanics. When the 
points at which hydraulic head readings are taken are on a 
flow line, as in Fig. 2, then the average hydraulic gradient 
in the space between D and E is simply the difference in 
the elevation of the surfaces d and e divided by the dis- 
tance along the flow line from D to E. 

Turning now to the case of water in unsaturated soil, 
consider the system illustrated in Fig. 3. The manometers 
are filled with water, are sealed to conical porous cups, and 
are inserted in the soil. Assume that in the absence of 
evaporation the soil moisture system is at rest under grav- 
ity. This requires, as was the case for Fig. 1, that the 
hydraulic head throughout the system be the same and that 
the hydraulic gradient everywhere be zero. The pressure 
head in the soil water at the various cups is equal to the 
difference in elevation between a cup and the surface of 
the water in its corresponding manometer. For the lowest 
cup, it is seen the pressure head in the soil water is equal 
to the distance of the cup below the water table where the 
water has atmosphere pressure. (For certain purposes there 
is advantage in defining the “water table” as the locus of 
points in the soil water system where the pressure is the 
same as in the overlying connected gas-phase in the soil 
pores. This avoids reference to the state of saturation or 
unsaturation and also avoids uncertainties that arise in 
attaining equilibrium water levels for test wells in either 
slightly permeable or stratified soils.) 

Water transfer through the cup wall takes place until 
the water inside the cup has the same pressure as the water 
outside the cup at the same level. At the three cups above 
the water table it is seen that, when the soil moisture 
system is at rest under gravity, the pressure head in the 
water is less than atmospheric pressure head by the water- 
column length equal to the elevation of the cup above the 
water table. Fig. 4 shows a similar case, except there is no 
water table present. Since the water surfaces in the three 
manometers have the same elevation, we must conclude that 
the hydraulic head at the three cups is the same, that the 
hydraulic gradient between the cups is zero, and that the 
soil water, if it forms a continuous connected system, satis- 
fies the condition assumed above, namely, static equilibrium 
under gravity. The pressure in the soil water is every- 
where less than the atmospheric reference pressure and 


and the negative pressure in the soil water at the various cups, the soil 
moisture being in equilibrium with the water table e Fig. 4 In this 
case the manometers indicate the soil moisture is at rest under gravity, 


there being no water table present 
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hence is negative. Water under negative pressure may be 
said to be under tension and the combination of a porous 
cup and a pressure indicator for measuring the tension in 
soil water is called a soil moisture tensiometer. It is the 
function of the porous cup to permit contact between the 
manometer water and the microscopic bodies of water in 
the soil and at the same time to prevent air from getting 
into the manometer system which is subjected to partial 
vacuum pressure. 


For field work it is expedient to replace the water 
manometers with mercury manometers as shown in Fig. 5. 
(When properly constructed, tensiometers give relatively 
trouble Seve operation**. A paper summarizing recent ad- 
vances at this laboratory in the design and construction of 
these units has been prepared for publication®.) From the 
mercury column readings the tension in the soil water at 
the various cups can be calculated. The water manometers 
shown at the right of the figure could be used instead of 
the mercury manometers, but would require an excavation. 
If the soil surface is chosen as the hydraulic head reference 
datum, the hydraulic head at the various cups would be 
the elevation of the water surface in the various water 
manometers referred to this datum. Numerically this is the 
same as the water pressure in the respective tensiometers at 
the level of the soil surface when the pressure is expressed 
in water column units referred to the atmosphere as the 
reference pressure. With proper choice of scale units and 
zero settings, either soil moisture tension or hydraulic head 
values in either mercury column or water column units can 
be read directly from the mercury manometer scale. The 
manometer readings shown in Fig. 5 indicate that, on the 
average, moisture movement is upward in soil interval F, 
downward in interval H, and is at static equilibrium under 
gravity in interval G. This correspondence of flow direc- 
tion to hydraulic gradient has been verified under field 
conditions’. 


Fig. 6 shows field data on hydraulic head under an 
11-year-old navel orange tree. The tensiometer units were 
installed in a row 6in apart, just under the ends of the 
longer branches, and the numbers on the respective curves 
indicate the depths (in feet) to which the porous cups 
were installed. The hydraulic head scale a is referred 
to the soil surface and hence indicates the distance below 


*Superscript figures indicate references cited at the end of this paper. 


NEGATIVE HYDRAULIC HEAD - FEET 


Fig. 5 (Left) A typical tensiometer installation employing mercury 
manometers. The equivalent water manometers are shown at the right. 
e Fig. 6 (Right) A two months’ record of the hydraulic head at eight 
depths under an 11-year-old orange tree. The soil surface is taken as 
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the soil surface that water would stand in water manometers 
connected to the various cups. The rise in the 1-ft curve 
that occurred at the beginning of April was caused by a 
114-in rain that did not appreciably affect the tensiometer 
readings at 3 ft or below. On April 15th and May 14th, 
four surface inches of irrigation water were applied in a 
basin surrounding the tree. The curves indicate this water 
quickly penetrated to the 10-ft depth, but did not appre- 
ciably change the tension at the 15-ft depth. The heavy 
line at the top of the figure indicates the time during which 
the moisture in the 8 to 10-ft soil layer was either at rest 
under gravity or moving up. Downward movement oc- 
curred for a time following each irrigation, the second 
downward flow period being shorter because of the heavier 
transpiration load and greater water deficit in the soil. The 
rate of moisture extraction at the various depths is indicated 
by the rate of decrease of hydraulic head after irrigation. 


The depth of the porous cup substracted from the 
hydraulic head as plotted in Fig. 6 gives the soil moisture 
tension in feet of water. The tension or negative pressure 
in soil water is a direct measure of the security with which 
water is held by soil and is related in a general way to the 
moisture content of the soil’. 


It thus appears advantageous to use the concepts and 
methods of hydraulics in attacking certain moisture move- 
ment problems connected with the irrigation and drainage 
of soil. Direct applications can be made in studying the 
accumulation of salts in surface soil by upward movement 
from shallow water tables and in determining water appli- 
cations required to produce root zone leaching. Similarly 
the procedure may be applied in studying or predicting 
moisture movements affecting the stability of earth founda- 
tions for buildings or surfaced highways and air fields. 
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the reference datum, and the numbers on the curves indicate the depths 
of the porous cups. On the average between the cups at adjacent levels 


soil moisture flow takes place in the direction of the decrease in the 
hydraulic head 
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A Private Land Rehabilitation and Soil 


Conservation Program 


HILE it may seem a little unusual for a life 
insurance company to be interested in soil re- 

habilitation and erosion control, we are interested 
in these subjects just as much as we are in the preservation 
of human lives. Conserving the fertility of soils is as 


important as lengthening the span of human life. They go 
hand in hand. 


More than seventy years ago our company started to help 
finance farmers because of its faith in agriculture as a 
source of sound investment of the funds of policyholders. 
We have helped finance farmers in all states where agricul- 
ture predominates, and I would like to make it clear that 
it is our earnest desire to return every farm it was necessary 
to acquire to private ownership as soon as possible. 


In servicing loans to agriculture, I believe we clearly 
recognize the need for soil rehabilitation and erosion con- 
trol. When soil fertility begins to decline, the borrower 
starts having trouble meeting his debt charges and taxes. 
He is apt to put more land into cultivation in order to pro- 
duce more income and the cycle becomes destructive; im- 
provements are neglected; his standard of living declines, 
and the morale of the family becomes depressed to the 
point that some give up. Of course, unfavorable weather 
conditions and low prices have played their part too. 


In approaching the solution of the problems we en- 
deavor to conform to the established farm practices of the 
community and to the adaptability of the unit under con- 
sideration. We know we must depart from community 
customs in some areas because those customs do not con- 
form to changed conditions. We know that if erosion is 
becoming a serious problem, some of the practices being 
followed are not correct and these must be changed. 


I want to pay tribute to the U. S. Soil Conservation 
Service, the state agricultural colleges and experiment sta- 
tions, the county agricultural agents, the soil conservation 
districts, and the Agricultural Adjustment Administration 
in attempting to teach farmers better farming practices. 
The agricultural engineers have contributed much in the 
way of investigations and recommendations that help 
farmers control erosion and build up fertility of the land. 


The government agencies, the agricultural colleges, and 
the agricultural extension service must depend to quite 
an extent on their salesmanship to get individual coopera- 
tion. I believe if there were closer cooperation with the 
federal land banks, insurance companies, and other multi- 
ple land owners, that our soil rehabilitation problems would 
be solved more rapidly. From personal experience and 
knowledge I know that the interest, activity, and influence 
of our company has been responsible for the establishment 
of a number of soil conservation districts. We are ready 
to lend our full support to such a movement. We have a 
competent field organization, most of the members of which 
are agricultural college men who service our farm loan in- 


—— 


Paper presented before the Soil and Water Conservation Division at 
the annual meeting of the American Society of Agricultural Engineers 
at Knoxville, Tenn., June 1941. Author: Director of farm management, 
The \'nion Central Life Insurance Co. 


By B. G. DeWeese 


vestments, and they carry the message of soil conservation 
to almost every community in the country. 

We have worked out what we think is a very practical 
soil rehabilitation and erosion control program. In order 
that you may gain some impression of the work we are 
doing with the farms under our supervision and ownership, 
I shall attempt to give you a few examples. 


In Brown County, South Dakota, we found a severe 
problem of wind erosion, where the organic matter content 
of the soil had become so low during the dry period that 
the soil drifted into dunes. In studying this area we learned 
that it had a history of good crop yields, had supported 
much livestock, and in general had been a prosperous com- 
munity. We also noted that none of the trees had died, 
indicating that there must be water near the surface. Upon 
putting down a test pipe we found water at 11 ft below the 
surface. We recognized the good qualities of these soils 
and started to do something about the problem. 


In the fall of 1938 we purchased a track type tractor, 
had a special hitch built to attach to it three 5-ft grain 
drills, and started across the land seeding rye at the rate 
of 2 bu per acre. This practice stabilized over one-half of 
the area. The rye was allowed to ripen and reseed itself in 
the summer of 1939. In the fall of 1939 we again drilled 
rye in this area and harvested 12 bu per acre in 1940. In 
the spring of 1940 we drilled 2 bu of field corn per acre 
through the spots that had not been stabilized. The rye and 
corn had an immense root growth which practically stabi- 
lized this entire area. We have seeded crested wheat grass 
in a part of the area and have a fine stand. We are strip 
cropping the remainder to corn, small grain, and sweet 
clover. We helped establish the Brown-Marshall soil con- 
servation district at Hecla, and it pleased us to have the 
farmers of the district select our field representative as a 
member of this advisory board. 


We used our own equipment on the more severely 
eroded areas as a demonstration, and we also were success- 
ful in securing splendid cooperation from our tenants on 
other farms where erosion was less serious but still a prob- 
lem. The tenants were willing to carry out strip cropping 
and other improved practices. As a result of these demon- 
strations, other people are following better farming prac- 
tices, and the area is rapidly changing from one of despair 
to one of a profitable farming community. 

In Nebraska to conserve both soil and rainfall we have 
carried out an extensive terracing and contour farming 
program. We purchased our own terracing equipment, con- 
sisting of a whirlwind type of terracing machine. We em- 
ployed a graduate agricultural engineer and have adopted 
the use of the broad base type of terrace. These terraces 
have a base of from 30 to 34 ft and a height of 24 in, 
with a 6-ft channel. These are generally level terraces with 
half blocked ends and, of course, empty into a spillway. 
We find that this type of terrace is better accepted by our 
farmers, because they can cultivate the top of the terrace 
and keep it built up and free of weeds, and it takes little 
land from cultivation. Our experience with this type of 
terrace is very satisfactory and is more readily accepted by 
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average tenants and farm owners. The cost of this type 
of terrace is not excessive. 

We have held a number of demonstrations where land 
rehabilitation and soil conservation practices are being car- 
ried out, in cooperation with the county agents, the local 
newspapers, and community leaders. We invite our tenants, 
borrowers, and neighbors to come to these demonstrations. 
At one of them the state director of agricultural extension 
attended and encouraged those present to adopt similar 
practices. It is our experience that these demonstrations 
result in improved practices and larger income throughout 
the community which in turn increases the security of our 
policyholders’ funds. 

A large part of the crops on our farms in Nebraska 
are planted on the contour. One of our tenants informed 
us that his crop was not damaged by heavy rains, while 
that of his neighbor who listed his corn up and down hill 
was washed out three times in one season. On many con- 
toured farms the crop yields have been from three to ten 
times the yield on land planted up and down hill. This 
program conserved the much needed moisture and pre- 
vented erosion of soil during heavy precipitation. 


PRACTICAL FARM DEMONSTRATIONS RESULT IN IM- 
PROVED PRACTICES AND LARGER INCOMES 


In Sullivan County, Indiana, adjoining the Wabash 
River, we had a large farm on which the drainage system 
had been allowed to get into poor condition. A program 
was worked out for dredging a new ditch to serve as an 
outlet for the main part of the existing 125 miles of tile 
ditches. At a cost of $2,000 we were able to place this 
drainage system in good condition. The War Department 
cooperated in widening and raising the levee in this dis- 
trict and also installed two new pumping systems to take 
care of surplus water. Our first crop of corn on this farm 
amounted to over 24,000 bu, and the second year over 
30,000 bu. A well-diversified rotation of other crops, in- 
cluding wheat, oats, rye, clover, and alfalfa was practiced. 
The additional crop returns more than paid the cost of 
rehabilitation of the land and buildings, and a reasonable 
return on the investment. This farm was sold this year 
to a very responsible operator for $125,000. 

In Macon County, Georgia, we acquired a 1,700-acre 
plantation which had been one of the fine old homes in 
that area. We made a very extensive survey of this farm 
and found it had basically good soils. Through neglect, 
sheet erosion had become very active. The silting result- 
ing therefrom filled the drainage ditches, and several hun- 
dred acres were too wet to be cultivated. In order to solve 
these problems we purchased equipment designed to con- 
struct our drainage ditches and build the terraces needed 
on the land. We constructed approximately 75,000 ft of 
terraces with our own whirlwind type of terracer, and under 
the supervision of a competent engineer the entire cleared 
area was put into cultivation and we rotated our soil build- 
ing crops along with our cash crops. 

It appeared to us that this land had never been plowed 
deeper than 3 to 4in and that a plow pan had formed 
which prevented the proper absorption of rainfall. This 
condition was corrected by plowing to a depth of 10 to 
12 in with a disk plow. The land was seeded to crotolaria 
and Austrian winter peas which were used as a green 
manure crop. After plowing under the green manure crop, 
with the same kind of cultivation and fertilizer, this land, 
which formerly produced less than one-half of a bale of 
cotton per acre, yielded the operator 11/, bales per acre. 

The people in the community were very much pleased 
to see this plantation restored to its former productiveness. 
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One of the prominent citizens of the community purchased 
it and is continuing to carry out the crop rotation progrim 
established while we owned the property. 

In the southeastern part of the country we have a‘so 
found the broad base type of terrace to be very readily 
accepted by tenants and owners. These terraces are built 
on grades recommended by the Soil Conservation Service. 

On the tighter soils in the Coastal Plains country we ire 
using a Killefer subsoiler in our terrace channels in order 
to get deeper penetration and to conserve more of the rain- 
fall in the soils, rather than permit it to run off into ihe 
spillways. We find that this reserve moisture is most bene- 
ficial to the growth of crops during the periods when rain- 
fall is light. 

As I stated previously, it is the desire of our company 
to restore ownership of each and every farm that we have 
acquired, to an operator who will occupy the property as 
its owner. We feel that we have contributed a great deal 
toward the happiness of families when we sell them a 
property on which the land is in a good state of fertility 
and protected from the ravages of erosion and loss of 
rainfall. 

Our farm management program provides for coopera- 
tion with the U. S. Forest Service in shelterbelt planting, 
the Soil Conservation Service in erosion control, the state 
agricultural colleges and experiment stations and the coun- 
ty agents in furthering better farming practices, and the 
Agricultural Adjustment Administration in their program. 
In brief, our purpose is to keep our operations on a prac- 
tical basis which can be carried out by the farmer who is 
or will be the owner of the individual farm. 

I do not mean to imply that every farm we have has 
something wrong with it. That would be an erroneous 
idea, though I do want it understood that we are attempt- 
ing to set up our farms so that we can return them to 
private ownership in such condition that the purchaser will 


be an independent, successful, and satisfied owner of his 
farm home. 


Engineering Curricula 


NGINEERING curricula in general takes almost as 
many forms and directions as there are engineering 
schools... . . A prospective employer therefore often finds 
himself in doubt as to what he may expect from the prod- 
ucts of such seemingly unrelated programs. 


It is apparent that in the design of engineering curric- 
ula there appears a lack of application of care in preparing 
for a definite end. It can be expected that there will be a 
wide difference in the approach to this end, but there should 
be some definite principle of curriculum design for each tield 
of practice in order that they present a uniform purpose. 

The acceptance of a definite principle is especially de- 
sirable since engineering schools are now to be recogn zed 
on the basis of evaluation of their performance by an ac- 
crediting agency. The recent action of the National Cov acil 
of State Boards of Engineering Examiners in classif\ ing 
engineering-school graduates on the basis of accrediting 
of their alma maters makes this a public responsibility of 
the educators. 


To accept a principle for a field of engineering pra tice 
does not necessarily mean the regimentation of schools into 
a definite pattern, thus limiting all curricula to a set formula 
or design. Such a principle should be better described as a 
more or less acceptable point of view of the functions of 
each curriculum.—F. L. Wilkinson, Jr., in Mechanical 
Engineering for August 1941. 
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This field of Pfister hybrid 


seed corn, near El Paso, IIli- 


nois, will soon add chapter 
three to an eye-opening test 
—which is of considerable im- 


port to the Corn Belt. 


Object of the Test: To de- 
termine whether the proper 
variety of hybrid corn, if drill- 
planted in a pre-cultivated 
seedbed in close rows, and 


weeded exclusively by wide, 


= 


high-speed, harrow-type cul- 
tivators, will produce high 
yields. Also, whether this 
early-maturing corn can be 


successfully harvested by a 


CATERPILLAR 


pest 


DIESEL ENGINES e TRACK-TYPE TRACTORS 
TERRACERS 


CATERPILLAR TRACTOR CO., PEORIA, ILLINOIS 
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crn 


So —... ee 


modified small grain combine 


—and safely binned at once. 


The 1941 crop promises to 
confirm so favorably the posi- 
tive results of the two previous 
test years as to make this sys- 
tem worthy of serious trial by 


forward-looking corn-growers. 


A ‘Caterpillar’? Diesel D2 
Tractor (standard clearance) 
has powered this 3-year test 


program, from start to finish! 
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NEWS 
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A.S.A.E. Meetings Calendar 

Sept. 29- Oct. 1—North Atlantic Section, Jackson’s 
Mill, W. Va. 

December 1 - 3—Fall Meeting, Stevens Hotel, Chicago. 


June 22 - 25—Annual Meeting, Hotel Schroeder, Mil- 
waukee. 


February 4-6—Southern Section, Memphis, Tenn. 


North Atlantic Section Meeting 


EMBERS of the American Society of Agricultural Engineers 
in the territory of the North Atlantic Section of the So- 
ciety in particular, as well as those in other parts of the United 
States and Canada, who desire to listen to an outstanding program 


_ and to fraternize with a fine group of agricultural engineers, 


should make every reasonable effort to attend the meeting of the 
North Atlantic Section meeting to be held at the State 4-H Camp 
at Jackson’s Mill, W. Va., September 29 to October 1. 

The program of this meeting was announced in AGRICULTURAL 
ENGINEERING for August (page 297), including also information 
on the facilities at the State 4-H Camp and on how to reach it 
by automobile. 


Complete information on the meeting, including a copy of the 
program, will be mailed to A.S.A.E. members and all other 


interested persons on request to Secretary A.S.A.E., St. Joseph, 
Michigan. 


Congratulations, South Carolina! 


NNOUNCEMENT has been received from the Clemson Agri- 
cultural College, Clemson, South Carolina, that agricultural 
engineering at that institution, for several years a division of the 
agronomy department, has recently been established as a separate 
department. Along with the change, the new department has been 
given a satisfactory budget, and G. H. Dunkelberg has been pro- 
moted from assistant to associate agricultural engineer, and W. N. 
McAdams from instructor to assistant agricultural engineer. 


“The head of the new agricultural engineering department is 
George B. Nutt, who has been in charge of agricultural engineer- 
ing work at the institution for several years. 


Farm Safety Program 


URING the 30th National Safety Congress and Exposition 

to be held at the Stevens Hotel, Chicago, October 6 to 10, 
under the sponsorship of the National Safety Council, a special 
program on farm safety will be presented Tuesday forenoon, Octo- 
ber 7, in the Casino (main floor) at the Congress Hotel. The fol- 
lowing papers are scheduled: “Organizing for Statewide Farm 
Safety,” by R. A. Rohweder, Minnesota Safety Council; “Specific 
Methods of Interesting Farmers in Safety,’ by H. M. Pontious, 
Ohio Farm Bureau Federation; ‘Progress in Incorporating Safety 
in the Design of Farm Equipment” (speaker to be announced), 
and “Engineering as Applied to the Farm Accident Problem” 
(speaker to be announced). 


Manufacturing Arrangements for 


Moisture Tester 


CCORDING to recent announcement by the Ohio State Uni- 
versity Research Foundation, licensing arrangements have been 
completed for the manufacture and sale of the Parks moisture tester, 
an instrument designed for the rapid determination of moisture in 
all forage and grain materials. The instrument was described in 
detail in the journal of the American Society of Agronomy for 
April 1941. The inventor, Robert Q. Parks, is a member of the 
staff of the Ohio Agricultural Experiment Station and the Ohio 
State University. The Toledo Seale Company, Toledo, Ohio, is the 
company that has been licensed to manufacture and sell the Parks 
tester. 
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Personals of A.S.A.E. Members 


E. L. Barger has resigned as associate professor of agricultuial 
engineering at Kansas State College, to accept a position as head 
of the agricultural engineering department at the University of 
Arkansas, Fayetteville, effective September 1. 


George ]. Burkhardt, research agricultural engineer, University 
of Maryland, who for several months has been on leave to do 
special research work in agricultural engineering for the Brookings 
Dominican Survey in the Dominican Republic, recently returned 
to his regular duties. 


Deane G. Carter has resigned as professor and head of the 
agricultural engineering department at the University of Arkansas, 
to accept a position on the agricultural engineering staff at the 
University of Illinois as professor of agricultural engineering and 
chief in agricultural engineering research. 


Wendell L. Clarke has been appointed a junior agricultural 
engineer of the U. S. Soil Conservation Service and is stationed 
at Eden, Texas. His work is farm planning for soil and water 
conservation. 


George W. Crowther has resigned as extension instructor in 
agricultural engineering at Cornell University, to accept a position 
as assistant professor of agricultural engineering at the University 
of Maine, Orono. 


Albert S. Curry, in charge of irrigation investigations, New 
Mexico Agricultural Experiment Station, is author of Bulletin 281, 
“Effect of Irrigation Practices on the Growth and Yield of White 
Grano Onions,” recently issued by that station. 


A. Nelson Dingle has resigned from the agricultural engineer- 
ing staff of the University of Minnesota to accept appointment in 
the physics department of Hampton Institute at Hampton, Virginia. 


Winfred G. Glover has recently accepted employment with the 
U. S. Soil Conservation Service as junior agricultural engineer, and 
is employed on Project SCS-27-A at Prescott, Arizona. He was 
previously rural engineer for the Georgia Power Co. 


George W. Grisdale, Jr., has resigned as project hydraulic 
engineer, U. S. Soil Conservation Service, to accept the position of 
agricultural engineer with the New Holland Machine Co., New 
Holland, Pa., in which position he will be engaged in the design 
and production of farm machinery. 


G. Douglas Jones has resigned as agricultural engineer and 
patent counsel for the Cleveland Tractor Co., to take over the 
duties of general patent counsel for the Glenn L. Martin Co., 
builders of aircraft. 


E. C. Meyer, for the past three years assistant professor of 
agricultural engineering at the University of Maine, has recently 
accepted a position as associate engineer with the Rural Electrif- 
cation Administration. 


Kenneth H. Parks has resigned as instructor and agricultural 
engineer in the agricultural experiment station at the University 
of Idaho to accept appointment as assistant civil engineer with 
the U. S. Soil Conservation Service at Fairfield, Washington, where 
he will supervise the engineering conservation work. 


W. R. Peterson has received an appointment as instructor in 
agricultural engineering at the Northwest School of Agriculture at 
Crookston, Minn., a branch of the University of Minnesota. 


R. M. Ramp resigned recently as instructor of agricultural 
mechanics at the University of Delaware, to accept appointment in 
the mechanical equipment division of the U. S. Bureau of Agri- 
cultural Chemistry and Engineering at Washington. 


Charles H. Reed, formerly a graduate student at Cornell Uni- 
versity, is author of Cornell Extension Bulletin 457, entitled "Silo 
Durability and Maintenance.’ Mr. Reed is now assistant professsor 
of agricultural engineering at Purdue University. 


J. P. Schaenzer has resigned as head of the rural service divi- 
sion, Edison Electric Institute, and accepted an appointment as 
electro-agricultural engineer, technical standards division, Rural 
Electrification Administration, Washington. 


(News continued on page 332) 
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PLYWOOD GRAIN BIN BUILT. 
AT IOWA STATE COLLEGE 


oo 


@ Douglas Fir Plywood is real lum- 
ber made larger, lighter, stronger, 
split-proof. Its structural possibili- 
ties intrigue the designer; its easy 
workability pleases the workman, 
who can use all tools on this ‘“‘mod- 
ern miracle in wood” or who can 
drive nails or screws almost at the 
edge of a panel without having it 
break or split. 


one saw cut 

oor of Y2-inch 
Plyscord laid in 35 minutes. (Plyscord is 
the utility sheathing grade of plywood.) 


There are two types of Douglas Fir 
Plywood: Moisture-Resistant for in- 
door uses and Exterior (made with a 
water-proof bond) for permanent 
outdoor uses. Each type is manu- 
factured in a number of veneer 
grades in strict accordance with U.S. 
Commercial Standard CS45-40 and 
“grade trade - marked” for easy 
identification and specification. Each 
grade comes in a variety of thick- 
nesses and panel sizes. 


@ Three-eighths-inch Exterior wall sheath- 
ing nailed to the studs 16 inches on centers 
gave 3/32-inch maximum deflection when 
bin was filled with shelled corn. 


a ag 


Douglas Fir Plywood is particularly 
well suited for grain storage struct- 
ures. It builds tight, lightweight, 
easily constructed, durable, low-cost 


r- 


‘BRUgy «SPECIFY DOUGLAS FIR PLYWOOD | 
eLyVAL ew 


BY THESE "GRADE TRADE-MARKS 


Douglas Fir Plywood i—_— 
WALLBOARD #f PINPANELDERA §f EXT.-D.F.P.A, 
oFPA ote TRADE wane O86. ©. 5. Pat. OFF, POADE HARE EG. & ©. OAT, OFF, 


— 


oa) 


% | There is a grade or type, a thickness and 
ee a size for every building purpose! 


bins of any type... farmer-built port- 
able bins, pre-fabricated bins or bin 
lining, in existing structures. The 
bin illustrated at left, erected in 
October, 1940, at Iowa State College 
(Mid-West Plan 73220), as well as 
older examples, give ample evidence 
of the advantages of plywood con- 
struction. Further tests of improved 
structural design and cost reducing 
practices are in progress. 


The Douglas Fir Plywood Associa- 
tion is also sponsoring various other 
types of agricultural and housin 

research. Much data has already been 
secured which may be helpful to you. 
Address your technical inquiries to 
Douglas Fir Plywood Association, 
Tacoma Bldg., Tacoma, Washington. 
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Here is one of the ends of a grain 
drill, made of ARMCO ZINCGRIP. 
it has been severely drawn and em- 
bossed without any peeling or flaking 
of the zinc coating. 


Its superior 


drawing qualities 


save production 
time and money 


e Many manufacturers of farm equipment and buildings 
have found that their products, formerly zinc-coated 
galvanized after forming, can be made more inexpensively 
with Armco ZINCGRIP. 

This special galvanized sheet has a scientifically ap- 
plied zine coating that will stand up under severe forming 
and drawing operations without peeling or flaking. There 
is no flaked coating at the seams or bare spots to invite 
early rust. Special processing makes ZINCGRIP stronger 
than most ordinary galvanized sheets. It also gives the 
metal a distinctive, bright appearance. 

For these reasons ZinceriP is being used increasingly 
on farm machinery, for stock tanks, metal silos, grain 
bins, corn cribs, barns, and hay containers. 

Among the many other metals for special farm pur- 
poses are galvanized Armco Ingot Iron and Armco 
Painter. The broad experience of the Armco Research 
Laboratory is offered without cost to help solve your 
sheet-metal problems. Write for our 
informative technical bulletins, 


THE AMERICAN ROLLING MILL CO., 2781 Curtis St., Middletown, Ohio 
Please send me your technical bulletins on 


( ARMCO ZINCGRIP CD INGOT IRON CD PAINTGRIP 
Name 
Company or affiliation 


City or town 


Personals 
(Continued from page 330) 


Arthur H. Schulz has received appointment as extension agri- 
cultural engineer of the North Dakota Agricultural College, Fargo. 
Until his appointment he was serving as county agricultural agent 
at Hettinger, North Dakota. 


Charles L. Seal has accepted appointment as junior agricultural 
engineer with the U. S. Soil Conservation Service and is located 
at CCC Camp SCS-La-5, Ruston, Louisiana. 


Wm. Harold Tamm, who received his master’s degree in agri- 
cultural engineering from Rutgers University in June, and who was 
employed as assistant agricultural engineer by that institution 
for two months to supervise grass silage research work, is now a 


junior engineer with the U. S. Army Engineers and is located at 
Norfolk, Virginia. 


Arnold Tandberg recently accepted a position through the Civil 
Service Commission as inspector of naval material at the Crane 
Company in Chicago. His home is 2343 S. Millard Ave., Chicago. 


Applicants for Membership 


The following is a list of applicants for membership in the American 
Society of Agricultural Engineers received since the publication of the 
August issue of AGRICULTURAL ENGINEERING. Members of the Society 
are urged to send information relative to applicants for consideration of 
the Council prior to election. 


Jack W. Adair, junior agricultural engineer, U. S. Soil Con- 
servation Service. (Mail) Box 952, Idabel, Okla. 


Henry E. Berns, service man, Massey-Harris Co., Columbus, 
Ohio. (Mail) 16 W. Norwich Ave. 


John C. Bursik, assistant agricultural engineer, Oregon State 
College, Corvallis, Ore. (Mail) 342 S. 10th St. 


Joe W. Evans, Jr., junior agricultural engineer, General Land 
Office, U. S. Department of the Interior. (Mail) Box 166, Santa 
Fe, N. Mex. 


Clarence A. Frese, farmer, Silver Lake, Kansas. 


Albert S. Fry, head hydraulic engineer, Tennessee Valley 
Authority, Knoxville, Tenn. 


James A. Green, junior soil conservationist, U.S. Soil Conserva- 
tion Service. (Mail) Box 87, Evergreen, Ala. 


Samuel G. Hibben, director of applied lighting, Westinghouse 
Lamp Division, Westinghouse Electric & Manufacturing Co., 
Bloomfield, N. J. 


Samuel G. Huber, DeGraff, Ohio. 


Gerald A. Karstens, assistant agricultural aide, U. S. Soil 
Conservation Service. (Mail) 511 Washington St., Audubon, Iowa. 


Robert A. Kepner, associate engineer, California Agricultural 
Experiment Station, Davis, Calif. (Mail) Box 162. 


Wesley M. Land, Jr., laboratory assistant, agricultural engi- 
neering department, Alabama Polytechnic Institute, Auburn, Ala. 
(Mail) 260 S. Gay St. 5 


Clark H. Leesman, lieutenant, U. §. Army. (Mail) RR No. 3, 
Mason City, Ill. 


Joseph Mader, tractor and implement engineer, S. L. Allen & 
Co., Inc., Philadelphia, Pa. (Mail) Sth and Glenwood Ave. 


Paul E. Masters, engineer, Yates American Machine Cu., 
Beloit, Wis. (Mail) 844 Schiller Place. 


Homer B. Neisz, farm field representative, Portland Cement 
Association. (Mail) 817 Shawnee Ave., Lafayette, Ind. 


Emmett G. Nightengale, junior agricultural engineer, U. 5. 
Soil Conservation Service. (Mail) Box 93, Konawa, Okla. 


Tohn Strait, instructor in agricultural engineering, Univers 'ty 
of Minnesota, St. Paul, Minn. (Mail) 1388 Raymond Ave. 


David R. Thomas, assistant agricultural aide, U. S. Soil Con- 
servation Service. (Mail) Box 351, Galesburg, III. 


Donald L. Trapp, aircraft inspector, Fairchild Aircraft, | td. 
(Mail) 421 Prince Arthur St., W., Montreal, Quebec, Canad« 


Bernard F. Vogelaar, designing engineer, John Deere Wavon 
Works, Moline, Ill. (Mail) 845 18th Ave. 


Milan E. Watson, assistant agricultural engineer, University of 
Illinois, Urbana, Ill. (Mail) 702 W. Indiana Ave. 


TRANSFER OF GRADE 


Eugene C. Buie, lieutenant, 55th Q. M. Regiment, Fort Bliss, 
Texas. (Junior Member to Member) 
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General Electric builds 
motors of various types and 
sizes for many applications. 
Convenient, portable appa- 
ratus (above) can simplify 
numerous operations such as 
grain elevating, hay cutting 
and blowing, threshing, etc. 
(Left) A sturdy, reliable G-E 
motor drives this feed grinder. 
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ELECTRIC EQUIPMENT!” 


HEN Andy left I soon found I couldn’t do 

all the work alone. But I also ‘discovered’ 
a number of places where electric equipment could 
handle jobs for me. So I rewired the barn, installed 
the necessary equipment, and now I’m doing as 
much alone as the two of us did together. And 
flipping a switch is easier than waking Andy.” 


Yes, with proper electric equipment, much farm 
work becomes merely a matter of plugging in, not 
lugging in—a mighty important feature in these 
days of national emergency when manpower is 
scarce. When farmers in your locality come to 
you for help in this matter of replacing missing 
manpower, why not suggest a thorough investiga- 
tion of farm electrification. We have two new 
bulletins to help you answer their questions; send 


> 


for your copies today. General Electric Co., 
Schenectady, N. Y. 


at MAIL COUPON TODAY! 


When You Buy Electricity, You Buy Work 
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Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, assistant chief, 
Office of Experiment Stations, U. S. Department of Agriculture. 


How Johns-Manville has brought 
Fire Protection, Lower Upkeep, Wt 
Sanitation and Long Life to THE — bec gy ta ale. 16 gol Sta. 
tle (Lincoln) Bul. 330 (1941), pp. 48 1} pls. 16. Tractor tests 
Far m Buildings nes AT LOW COST totaling 108 and carried out in a manner similar to that previously 
reported upon are here reported. The bulletin is accompanied by 


a supplement summarizing numerical results for tests from 1920 
to 1941, except for models no longer on the market. 


IRRIGATION WATER PUMPING Costs IN BERYL AREA INVESTI- 
GATED, G. D. Clyde. Farm and Home Sci. [Utah Sta., Logan}, 2 
(1941), No. 1, pp. 7-8, figs. 2. The author investigated the pres- 
ent and potentially practicable acreage under irrigation in a part 
of Iron County, Utah, the area studied having been settled on the 
discovery of ground water available for irrigation in 1925 and 
very largely deserted by 1938, when the irrigated acreage was 
only 723. Mostly very inefficient pumping equipment was found 
in the parts still farmed. 


The conclusion reached was that if the quantity of water ap- 
plied can be held to from 2 to 3 acre-feet per acre, the water 
cost is within economically reasonable limits for general farm 
crops where the total lift is not over 30ft. The ground water 
supply is limited to the average annual recharge, however, and 
this being estimated at not more than from 10,000 to 12,000 
acre-feet annually, the irrigated acreage should not exceed about 
5,000, on the basis of available water and cost of water only. It 
is pointed out that soil fertility will also have to be taken into 
consideration before definite recommendations concerning the use 
of the area can be made. 


Sample of work- Sample of work-drawing 
drawing for erecting Asbestos giving directions for sawing 
Gothic-type barn, shown above. and bending rafters. 


‘ 


AGRICULTURAL ENGINEERING INVESTIGATIONS BY THE Mary- 
LAND STATION. Maryland Sta. (College Park) Rpt. 1940, pp. 
18-20, figs. 2. Work on an electric pasteurizer of 40-gal daily 
capacity and accurate to 0.5 F in temperature control, on a large 
portable grain dryer, and on development of a low-priced egg 
cooler is reported. 


ODAY, AS ALWAYS, three major enemies of a 

farmer’s profits are FIRE, Weather and Wear. 
These enemies attack badly designed and neglected 
farm buildings, increase operating costs, lessen the 
productivity of stock and, in the case of FIRE, wipe 
out years of profitable operation in a single night! 


J-M Engineers brought their outstanding Research 
and Development facilities to bear on this triple 
problem . . . Adapted asbestos materials and Rock 
Wool insulation to correctly designed farm structures 
. .. Brought down first costs . . . Lowered upkeep 
costs .. . Added FIRE PROTECTION, sanitation 


and lasting appearance .. . 


ELECTRIC FENCING.—PROGRESS REPORT, J. E. Nicholas and 
F. I. Bentley. Pennsylvania Sta. (State College) Jour. Ser. Paper 
915 (1939), pp. 3, figs. 3. In the work thus far completed, both 
battery-operated sets (6 to 15 volt input) and those using alter- 
nating current (110 to 120 volt) were tested, as were also wood 
and steel posts, single wire and two-strand fences, and other de- 
tails of setup. Wiring diagrams and some constructional detail of 
fences satisfactory for large and for small animals are given. It 
was found that all the older animals carefully avoided a second 
contact with the fence. Heifers without previous training broke 
through once but were held satisfactorily after being returned to 
the same enclosure. Young pigs pushed under the low wire or 
between 2 strands but avoided the fence after one such experience. 

No accidents have occurred during the 3 years of work thus 
far completed, but various precautions are emphasized. 


Johns-Manville will continue to co-operate with 
leading agricultural authorities to bring to the farmer 
more and more value for his building dollar. J-M 
Engineers are always willing to discuss your indivi- 
dual, or sectional, building or remodeling problem. 

Why not send forthe complete J-M Farm Informa- 
tion Service (with construction details) illustrated 
below. You should have these bulletins in your 
reference library ... Coupon brings them FREE. 


WATER FACILITIES PROCEDURE MANUAL. U. S. Dept. Agr.. 
1940, pp. [69]. This manual analyzes the water facilities and 
emergency relief acts under which the work concerned is to be 
carried out and details of procedure to be followed in adminis- 
tration and area planning, the operations policies, docketing. etc. 


WATER FAciLitiEs AREA PLANNING HANDBOOK. U. S. Dept. 
Agr., 1941, pp. [2]+59, pls. 7. This handbook is intended as a 
guide to the area-planning phase of the water-facilities program of 
the Department of Agriculture. Its purposes are (1) to orient 
the function of water-facilities area planning in the broad field 
of land-use planning, and (2) to provide a handbook which will 
facilitate water-facilities area planning. 


SEND NOW FOR THESE FOLDERS 


Towarp Sort SECURITY ON THE NORTHERN GREAT PAINS, 
G. K. Rule. U. S. Dept. Agr., Farmers’ Bul. 1864 (1941). pp. 
{4]+79+[1], figs. 46. This publication deals with soi! and 
water-conservation problems involved in the agriculture ot the 
region including the States of Montana, Wyoming, Nort! Da- 
kota, South Dakota, and Nebraska. Its principal subjects arc con- 
servation of precipitation, prevention of wind erosion, and restor- 
ation of areas damaged by soil blowing. Regrassing of denuded 
areas, controlled grazing, and use of windbreak planting of trees 
and shrubs are among measures directed against further wind 
damage and toward recovery of wind-damaged lands. Contout 
tillage, especially with the basin lister, and strip cropping on the 
contour are among measures designed to hold the often widely 
separated and torrential rains. 


JOHNS-MANVILLE, Dept. AE-M-9, 22 E. 40th St.,N.Y.C. 
Gentlemen: To assist in my work, I would like to have 
your complete Farm Information Service. 


Name. Position 


Name of College ———_ Address 


a 
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